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THE PROGRESSION OF VERTEBRAL OSTEOPOROSIS: THE 
CORRELATIONS BETWEEN VERTEBRAL PATHOLOGIES AND 
SOCIODEMOGRAPHIC RISK FACTORS  
JENNIFER A. KROLL  
ABSTRACT 
This study examines the possible correlations between vertebral osteoporosis, 
spondylolysis, spondylolisthesis, Schmorl’s nodes, vertebral osteoarthritis, osteophytosis, 
and laminal spurs. Further, this study examines the effects of sex, age, ancestry, and 
occupation on the vertebral pathologies. A total of 238 individuals (54 African 
Americans and 184 randomly selected European Americans) from the William M. Bass 
Donated Skeletal Collection at the University of Tennessee, Knoxville, were analyzed.  
 Vertebral pathologies and anomalies were assessed using visual morphometric 
scoring methods outlined in previous research. It is hypothesized that positive 
correlations exist between osteoporosis and other vertebral pathologies and a positive 
correlation exists between vertebral pathologies and strenuous occupations. It is also 
hypothesized that there is a difference in the prevalence of vertebral pathologies between 
European American and African American ancestries due to African Americans generally 
showing higher bone mineral density than European Americans (Aloia 2008).  
 The results of this research demonstrate numerous relationships: females are 
correlated with more severe osteoarthritis, osteoporosis, and spondylolisthesis, while 
males correlate with Schmorl’s nodes; European Americans are correlated with 
osteoporosis, osteoarthritis, osteophytosis, and Schmorl’s nodes, while African 
  vi 
Americans are correlated with laminal spurs; individuals 40 years or older are correlated 
with osteoporosis, osteoarthritis, Schmorl’s nodes, and laminal spurs; and lastly, labor 
intensive occupations (i.e., construction worker) are correlated with osteoarthritis, 
osteophytosis, and Schmorl’s nodes, all with p-values less than 0.05. The majority of the 
pathological conditions also correlate with each other, for example, osteoporosis and 
osteoarthritis. This research demonstrates how pathological conditions correlate with 
sociodemographic risk factors and with other pathological conditions, which can help 
with the identification process of skeletal remains in archaeological and forensic contexts.  
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CHAPTER ONE: INTRODUCTION 
The identification of vertebral pathologies is difficult in skeletonized human 
remains. Most of the processes for identifying pathological conditions in skeletonized 
human remains involve macroscopic visual assessments, typically with the use of 
subjective ordinal scores, or with the use of expensive and potentially destructive 
processes like radiographs, DNA or genetic testing. Macroscopically examining human 
skeletal remains for pathological conditions is more readily available, less expensive, and 
does not require specialists to run specific tests, in comparison to radiographs or genetic 
testing. However, vertebral pathological conditions are still difficult to identify in human 
skeletal remains through either macroscopic analyses or radiographs; for example, 
osteoporosis, osteoarthritis, osteophytosis, Schmorl’s nodes, spondylolysis, 
spondylolisthesis, and laminal spurs.      
 Osteoporosis is one of the pathological conditions that is usually identified with 
radiographs, and with more modern medical practices (e.g., histology). There are few 
studies that use anything other than radiographic analysis for the identification of OP; 
however, there are a couple that look at human skeletal remains. These studies repeatedly 
discuss how difficult macroscopic analysis of the skeletal vertebrae for osteoporosis is; 
however, those methods are much more cost efficient for research purposes.   
 The lack of previous research for OP differs with OA and VO, which have a more 
robust history of research, and are seen to be much more easily identifiable in skeletal 
remains. Similarly, with OA and VO, there is many previous studies for SNs, but the 
etiology is still questionable. There is almost no previous research that mentions SL, and 
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SLT, which is due to difficulty in the identification of these pathological conditions 
without the use of radiographs, potentially due to the need for them to be in articulation 
to identify.         
 Laminal spurs have no previous research at all, nor is the etiology known. There 
have been some studies that mention the presence of LS, but then mention how it is not 
considered a pathological condition. Any previous research known on these pathological 
conditions will be mentioned in more detail next.  
  
Osteoporosis           
 Curate et al. (2016) defined osteoporosis (OP) as a metabolic pathological 
disorder that is characterized by an overall decrease in bone mass, which is indicated as 
osteopenia and an increase in fracture risk (Gonzalez-Reimers et al. 2004). Burr and 
Martin (1989;197) define osteoporosis as “a heterogeneous set of disorders characterized 
by a reduction in total bone volume caused by thinning of the cortical walls of the long 
bones, thinning and loss of trabeculae, and an increase in porosity, principally of 
cancellous bone.” The etiology of osteoporosis is complex and depends on many 
different nutritional, endocrinological, genetic, and environmental factors (Stini 1990).  
 Bone is maintained through the continual turnover of mineral and calcium balance 
in a typical young adult; however, when the balance is upset, bone loss can occur, both in 
cortical and trabecular bone (Stini 1990). Disturbances in calcium intake can alter the 
mineralization of new bone matrix formation (Roberts and Manchester 2012; Stini 1990). 
There are many other factors that play a role in the development of OP besides lack of 
 3 
calcium: high protein diet, menopause, lack of exercise, immobilization, circulating sex 
hormones, a genetic predisposition, prolonged lactation, a high number of pregnancies, 
smoking, caffeine, and alcohol (Roberts and Manchester 2012; Stini 1990).    
 Two types of OP have been identified: type 1 occurs postmenopausal, while type 
2 occurs with advanced age (senile osteoporosis) (Stini 1990). In modern populations, 
females are at a greater risk of OP due to hormonal changes that follow menopause, as 
well as women having smaller vertebral bodies in comparison to men that confer 
biomechanical characteristics that may contribute to a higher risk of vertebral fractures 
(Gilsanz et al. 1994). However, both males and females develop senile OP in an 
advanced age (Brickley 2002).         
 Type 1 OP (primary) is associated with postmenopausal women but has been seen 
to occur among men as well. The peak bone mass is thought to be attained by women in 
their mid-30s, which is a little later than men; however, the vertebral bodies achieve peak 
mass at about 25 years of age. Stini (1990) reports that from the age of peak bone mass, 
there is approximately 20 years of relative stability followed by a decline in bone mass 
for the vertebrae.          
 The rapid bone loss experienced in menopausal women continues for 
approximately 5-8 years (Riggs and Melton 1986). The bone loss in this disorder is 
caused by an increase in resorption, more typically seen in the trabecular bone. Due to the 
high proportion of trabecular bone characteristic of vertebrae, type 1 OP is associated 
with vertebral body crush fractures. The collapse of the vertebral body can be either 
symmetrical or wedged on the anterior aspect of the cortex, while the dorsal aspect of the 
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vertebra remains intact (Stini 1990). Woolf and St. John Dixon (1988) state that type 1 
OP often occurs in thoracic vertebra eight through the third lumbar vertebra, with T12 
being the first vertebra often affected. The result of type 1 OP is typically kyphosis, 
which is the exaggerated curvature of the spine and the loss of stature (Stini 1990).
 Type 2 osteoporosis (senile osteoporosis) is also the result trabecular bone loss, 
but the loss is through an extended process of cortical bone loss. Both males and females 
can and most likely will experience early bone loss due to type 2 OP. The process usually 
occurs earlier in women, which is accelerated due to hormones from menopause and a 
lower peak bone mass overall. For females, there is a continuous decline in bone mineral 
density from age 60 years onward. Type 2 osteoporosis is typically seen to be the cause 
of many non-traumatic hip fractures in the femur (Stini 1990).     
 Type 1 and type 2 osteoporosis are both seen to be primary osteoporosis, or 
occasionally designated involutional or idiopathic, which is reserved for age-related bone 
loss. There are certain conditions that fall into the category of type 2 OP, either 
pathological, iatrogenic, or lifestyle-associated cause. Some causes consist of 
hyperthyroidism, type 1 diabetes, Paget’s disease, rheumatoid arthritis, anorexia nervosa, 
osteogenesis imperfecta, reproductive history, exercise, and diet (Stini 1990).       
 Osteoporosis is often symptomless, causing many individuals to be unaware of 
the condition until the occurrence of a fracture (Curate et al. 2016). Osteoporosis is 
typically diagnosed if the decreased bone mass is more than that expected from a given 
sex, age, and ancestry, and also when there is a resulting fracture (Roberts and 
Manchester 2012). Age is the most common factor for the development of OP, other 
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factors include: lack of calcium or a high protein diet, lack of exercise, immobilization, 
circulating sex hormones, a genetic predisposition, prolonged lactation, a high number of 
pregnancies, smoking, caffeine, and alcohol consumption (Roberts and Manchester 
2012). With the use of magnetic resonance imaging (MRI), single and dual photon 
absorptiometry (SPA and DPA), dual energy X-ray analysis (DEXA), computed 
tomography, the calculation of metacarpal index from radiographs, blood, urine, and 
fecal analyses, OP is easily diagnosed in living individuals; however, it is difficult to 
identify in skeletal remains (Kyere et al. 2012; Roberts and Manchester 2012).  
 While bone histomorphometry provides a robust way of determining osteoporosis 
in skeletal remains, it is a destructive analysis that requires a specialist with a lab capable 
to perform the method (Gonzalez-Reimers et al. 2004). Radiographs or 
histomorphometry are typically favored in identifying vertebral pathological conditions; 
however, they are destructive processes and expensive, which is why macroscopic 
analyses are highly sought after for the examination of OP and other vertebral 
pathologies like Schmorl’s nodes, spondylolysis, osteophytosis, osteoarthritis, and 
laminal spurs.             
 
Osteoarthritis           
Osteoarthritis (OA) has no known exact cause; however, some potential causes 
for OA are genetic influences, anatomical differences, excessive bodyweight, age, 
trauma, and mechanical stress due to laborious occupations (Brennaman et al. 2017; 
Weiss 2007).  It is also believed that OA results from excessive posterior load-bearing 
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forces, or from joint malalignment caused by the compression of the vertebral bodies 
(Listi and Manhein 2012). Nathan (1962) stated that due to the curvature of the spine, 
there are points of maximum and minimum stress and are responsible for the variation in 
the frequency of OA present. The precise etiology of OA is debated, although aging 
seems to be the primary risk factor for its development. The changes associated with an 
increase in age consists of: cartilage degradation at the cellular level, proliferation of 
osteophyte growth along the joint margin and surface, porosity visible on the joint 
surface, changes in bone contour with the bone becoming wider and flatter in appearance, 
and eburnation, which presents as being highly polished or grooved on the bone surface 
resulting from prolonged bone-to-bone contact (Brennaman et al. 2017; Listi and 
Manhein 2012; Ubelaker 1999).         
 Osteoarthritis is known to affect the synovial joints, particularly in the superior 
and inferior articular facets of the vertebrae. The synovial joints help guide the vertebrae 
to move slightly with locomotion; however, with OA, locomotion is disabled. Jones and 
Doherty (1995) link OA with the adaptation for bipedalism since it is well documented 
throughout human evolution.  In their study contextualizing previous literature of the 
different types of OA throughout the body and their etiologies, OA was observed more 
frequently in females generally.  A diagnosis of OA is more prevalent in older individuals 
than younger individuals, since OA is a degenerative disease (Jones and Doherty 1995).  
In spite of this, OA has not been completely linked to any specific sex, ancestry, or 
strenuous activity. In some clinical research, OA has seen to follow or even be a result 
from the formation of osteophytosis (Listi and Manhein 2012). 
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Osteophytosis           
Vertebral osteophyte formation (VO), or osteophytosis, is identified by extra 
growth or projections of bone from the vertebral body margin due to arthritis.  This 
pathology affects the fibrocartilaginous tissue of the secondary cartilaginous joint 
between adjacent vertebral bodies (Maat et al. 1995).  Irritation from the contact of 
adjacent vertebral margins stimulate the periosteum to form nodules of new bone 
(osteophytes), whose growth can reach a size great enough to fuse the vertebrae, resulting 
in ankylosis (Aufderheide and Rodriguez-Martin 1998; 96). Osteophytes are believed to 
develop in response to, or to compensate for, intervertebral disc degeneration (Listi and 
Manhein 2012). The constant stress which the vertebral discs are subjected to causes the 
internal nucleus pulpous to invade the annulus fibrous. This rupture stimulates the growth 
of bone from the margins of the vertebral body itself, called osteophytes. (Roberts and 
Manchester 2012;138).         
 Due to biomechanical loading forces, the anterior area of the annulus and 
vertebral body are much more susceptible to the processes of osteophyte development 
than the posterior aspect. With increasing stress (e.g., trauma) on the vertebral discs and 
vertebrae, the size of the osteophytes increases (Roberts and Manchester 2012;138). 
Repetitive loading and movement appear to be the main factor that causes osteophytosis 
(Nocak and Slaus 2011).  There is no specific age, sex, or ancestry that are more 
prevalent in the development of VO, which is similar to laminal spurs.  
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Laminal Spurs 
The cause or associated risk factors for laminal spurs (LS) have yet to be 
determined.  Laminal spurs are small bony projections on the superior border of the 
neural arch of the vertebrae, or on the superior lamina (Mann and Murphy 1990).  
Laminal spurs are more commonly found on the thoracic vertebrae, but occasionally are 
located on the cervical vertebrae.  Anyone can develop laminal spurs, and they appear to 
be random and asymptomatic. 
  
Schmorl’s Nodes          
Schmorl’s nodes (SNs) are found frequently in skeletal remains from 
bioarchaeological and forensic contexts (Burke 2012). Schmorl’s nodes are small 
depressions on the inferior and/or the superior surface of the vertebral bodies. They are 
known to be caused by a herniation of the nucleus pulpous of the intervertebral discs; 
however, their etiology is still debated (Burke 2012; Schmorl 1926; Schmorl and 
Junghanns 1959; Schmorl and Junghanns 1971).       
 The process of Schmorl’s nodes (SNs) begins with the extrusion of the nucleus 
pulposus material inferiorly or superiorly. The fluid then travels through the break or 
fissure of the cartilaginous endplate and erodes into the vertebral body. At this point, the 
degeneration of the local trabeculae ensues, resulting in a small divot or cavitation in the 
surface of the vertebral body. An osseous barrier is formed in response to the changes in 
pressure in the vertebral body caused by the intruding nucleus pulpous, that ultimately 
prevents further progression of the material, which ultimately creates a SNs (Faccia and 
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Williams 2008).         
 This pathological condition is more are commonly found in the lower thoracic and 
lumbar vertebrae.  The etiology may be due to biomechanical strain, repetitive stresses, 
flexion of the vertebral column and the continual lifting of heavy objects (Burke 2012).  
Roberts and Manchester (2012) stated that trauma was one of the major causes of SNs, 
with underlying infection. Which has also been potentially linked to OP and neoplastic 
disease weakening the bone structure for SNs development (Roberts and Manchester 
2012; 141). Interestingly, no direct correlation between SN and age has been documented 
(Nocak and Slaus 2011).  Schmorl’s nodes are also commonly associated with other 
pathologies, such as spinal stenosis, scoliosis, and spondylolysis (Plomp et al. 2012). 
      
Spondylolysis 
Spondylolysis (SL) refers to a separation of the vertebral hemi-arch from the body 
and can occur unilateral or bilateral (Merbs 2002).  Spondylolysis does not occur in 
nonhuman primates and in human children too young to walk; therefore, it is thought to 
be associated with bipedalism. The most common form of SL is the complete bilateral 
separation of the neural arch in the lumbar vertebrae, especially L5 (approximately 90% 
of clinical cases). This pathological condition occurs approximately 5% to 7% of the 
Modern Caucasian population (Merbs 1989). The current, most widely accepted etiology 
of SL is mechanical stress fracture (Lessa 2011). Roberts and Manchester (2012) 
suggested that the recurrent stressed and strains of bending and lifting in the upright 
posture due to bipedalism can create a gradual series of small stress fractures at the site of 
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weakness, ultimately causing SL to form. It was also suggested that SL was caused by 
stress or fatigue at the weak spot, but also by acute injury (Roberts and Manchester 2012; 
107).           
 Furthermore, SL has been associated with various activities, including bending at 
the waist, lifting or moving heavy objects, and activities associated with hunting and 
gathering.  However, some patterns of development of spondylolysis occur without the 
presence of strenuous activities, including gymnasts, football players, wrestlers, 
weightlifters, and other athletes (Weiss 2009).  This pathological condition is known to 
affect the lumbar region of the spinal column rather than the other vertebrae, possibly due 
to the lumbar vertebrae being the primary weight bearers (Merbs 2002). Spondylolysis 
exhibits a higher frequency in males, but the reason why is still unknown (Weiss 2009). 
According to many clinical studies, the separation of the neural arch at the pars 
interarticularis can involve other issues when the vertebral body slips forward, known as 
isthmic spondylolisthesis (Mays 2006). Spondylolysis differs from spondylolisthesis, 
which is the anterior slippage of the vertebral hemi-arch (Merbs 2001).   
 
Spondylolisthesis 
There are many potential factors to cause spondylolisthesis (SLT) including: 
subluxation of the vertebral column, disarticulation of the zygapophyses, the lengthening 
of the connection of the vertebral bodies, the lengthening of the inferior articular 
processes through dysplasia or repeated fracturing and healing of the vertebrae, and 
severe osteoarthritic (Merbs 2001). There are two known etiologies of SLT: isthmic and 
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degenerative. Istmic SLT is typically associated with the development of SL and occurs 
mostly at the lumbosacral level (L5-S1); most common among children and adolescents 
and known to have a genetic disposition (Herman et al. 2003; Kalichman et al. 2009). 
Degenerative SLT is associated with the degeneration of the posterior facet joints and/or 
the intervertebral disc; occurs mostly at the L4-L5 level (Kalichman et al. 2009).  
 This pathological condition is not generally observed in individuals under 40 
years, and no visible symptoms are evident until around 60 years (Merbs 2001). Merbs 
(2001) states that spondylolisthesis is more prevalent among women than men, which 
differs from spondylolysis, and he argues this difference is due to pregnancy, which 
generally occurs under the age of 40 years. If untreated, it is known to increase the 
amount of osteoarthritis visible on the non-affected side of the vertebrae, which is 
referred to as reactive sclerosis (Merbs 2001), thereby demonstrating a positive 
correlation between vertebral osteoarthritis and spondylolisthesis.    
 
Conclusion 
Additional research is required in order to establish common sociodemographic 
characteristics that are correlated with vertebral pathologies.  The present study proposes 
to analyze the progression of OP and other vertebral pathologies to gain information in 
regard to these pathologies and their etiology.  This study utilizes the presence of other 
vertebral pathologies, including SNs, OA, VO, LS, SP, SPT to make comparisons 
between the conditions.  It is hypothesized that there will be correlations between the 
vertebral conditions, which may signify similar causal factors.  Sociodemographic 
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characteristics including age, sex, ancestry, and occupation will also be evaluated to 
determine associated risk factors for these conditions.      
 The author hypothesizes that there will be a positive correlation between OP and 
the vertebral pathological anomalies.  It is also hypothesized that a positive correlation 
exists between these vertebral pathologies and strenuous occupations.  Additionally, it is 
hypothesized that there will be a difference with the development of vertebral 
pathological conditions between European American and African American ancestries 
due to the higher level of bone density in African American individuals and population 
differences in calcium intake around the world (Aloia 2008; Stini 1990).  The goals of 
this research include: 1) determining if vertebral pathologies are more common in 
European or African American individuals; 2) to see if vertebral pathologies have 
underlying associations; and 3) ascertain correlations between the pathological conditions 
and sociodemographic risk factors such as, sex, age, ancestry, and occupation.   
 Throughout, the pathological conditions will be explored more thoroughly with 
detailed previous research (Chapter 2), and detailed macroscopic methods used to 
identify them on human skeletal remains with a sample population from the William M. 
Bass Donated Skeletal Collection at the University of Tennessee, Knoxville (Chapter 3). 
After the methods are explained for each pathological condition mentioned previously, 
the data was compiled to obtain results for any significant correlations, and intraobserver 
error (Chapter 4), then discussed and compared to previous research (Chapter 5). Lastly, 
the Chapter 6 concludes the research presented here with final points, reiteration of 
significant results and findings, and potential future research.  
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CHAPTER TWO: PREVIOUS RESEARCH 
Introduction 
The correlation between OP and other vertebral pathologies (OA, SL, SLT, SNs, 
VO, and LS) and/or sex, age, ancestry and occupation has yet to be established (Brickley 
2002; Burke 2012; Curate et al. 2016; Genant et al. 1996; Jones and Doherty 1995; 
Kitahara et al. 2013; Knusel et al. 1997; Lovell 1994; Merbs 2001; Nocak and Slaus 
2011; Plomp et al. 2012; Szulc et al. 2000; Van Schoor et al. 2004; Weiss 2009). The 
majority of previous research addressing vertebral pathological conditions usually 
examine only one specific pathology in addition to sociodemographic risk factors, and 
they generally lack answers regarding who are more likely to develop the pathological 
conditions and their etiologies.  
 
Osteoporosis            
Genant et al. (1996) compared semi-quantitative visual and quantitative 
morphometric methods to examine OP in a living modern human sample. The study 
viewed postmenopausal women due to their higher likelihood of developing OP, who 
were participants in the Study of Osteoporotic Fractures (SOF). All of the women who 
participated were at least 65 years of age, and recruited from population-based listings, 
such as voter registration lists from Baltimore, Minneapolis, Portland, and Monogahela 
Valley of Pennsylvania.  The authors excluded African American women due to their low 
incidence of osteoporotic fractures. The participants had lateral radiographs of the 
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thoracic and lumbar regions of the spine at baseline. For their study, the radiographs of 
503 women were randomly selected from 7299 participants to be examined. 
 Genant et al. (1996) found that the visual assessment of compression fractures of 
the vertebral bodies represents a reproducible and reliable method, creating a scoring 
method has been used in many other studies. The scoring system consisted of a visual 
semi-quantitative grading of the vertebral fractures: (0) normal, (1) definite fracture, 
approximately 20-25% in anterior, middle, and/or posterior height and 10-20% reduction 
in area, (2) moderate fracture, approximately 25-40% reduction in height and 20-40% 
reduction in area, (3) severe fracture, approximately 40% or greater reduction in height 
and area (Genant et al. 1996) (Figure 2.1).    
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Figure 2.1. A schematic diagram of semi-quantitative grading scale for vertebral 
fractures caused by OP. (Image adapted from Genant et al. 1996;3).  
 
Brickely (2002) examined past literature to see how OP has been explored 
thought different approaches: modern clinical information, historical records of fractures 
and past analyses of archaeological bone. The author focused on OP of the femoral neck, 
Colles’ fractures, and vertebral compression fractures. She was able to conclude that 
vertebral crush fractures have been the most commonly found OP related fractures in 
archaeological material (Brickely 2002). Szulc et al. (2000) partook in a semi-
quantitative assessment of vertebral deformities based on visual evaluation of three 
groups of women: French, mixed European, and Argentinian. Out of the three groups, 
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135 women had vertebral deformities according to Genant et al.’s (1996) semi-
quantitative methods (Szulc et al. 2000).       
 Curate et al. (2016) also examined OP among a human skeletal sample, with use 
of Genant et al.’s (1996) semiquantitative assessment. The sample used consisted of 196 
individuals from the Coimbra Identified Skeletal Collection from the years of 1827-1914. 
The sample was evenly distributed from both sexes, with an age-at-death ranging from 
20-96 years. The individuals examined were typically blue-collar workers with low 
socioeconomic status. The purpose of their study was to examine intraobserver and 
interobserver error. They were able to conclude that Genant et al.’s (1996) macroscopic 
scoring methods for OP were reproducible and accurate (Curate et al. 2016).    
 Both Brickely (2002) and Szulc et al. (2000) viewed only OP, but both studies 
concluded that females were more likely to develop OP rather than males after 
menopause due to hormonal differences.  Szulc et al.’s (2000) and Curate et al.’s (2016) 
studies both used Genant et al.’s (1996) scoring method for examining osteoporosis and 
concluded that the method was reproducible and accurate, indicating the usefulness of 
this method, and how it can be used to identify OP in skeletal remains instead of using 
more expensive methods like radiographs.         
 Mays et al. (2006) stated that populations of European ancestry are most at risk 
for osteoporosis compared to those of African ancestry; however, there does appear to be 
variation between different European ancestral groups, for example, Norwegian 
populations. Mays et al. (2006) examined 928 medieval Norwegian skeletons were with a 
dual X-ray absorptiometry (DXA) for osteoporosis, dating to the period 1100-1600 AD. 
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Males were observed to have a higher bone mass density compared to females. 
Compression fractures of the thoracic or lumbar vertebral bodies were common in older 
females (Mays et al. 2006).         
 Nelson et al. (1991) determined that OP has a lower prevalence for development 
among African Americans in comparison to European American women, through the 
examination of African American (n=114) and European American women (n=47) from 
an internal medical clinic at Henry Ford Hospital in urban Detroit.  This study had shown 
that African Americans have higher bone mass and bone density index than European 
Americans, therefore indicating that individuals of African American ancestry are more 
unlikely to show OP compared to European Americans (Nelson et al. 1991).   
 Van Schoor et al. (2004) examined the association of vertebral deformities with 
fractures and mortality within the Longitudinal Aging Study in Amsterdam on a living 
modern human population. Lateral radiographs of the thoracic and lumbar spine were 
used with the identification of vertebral deformities, along with the use of semi-
quantitative methods. Many of the individuals with OP had a higher risk for the 
development of osteoarthritis (OA); a median age for this occurrence was approximately 
75.8 years of age.         
 Mensforth and Latimer (1989) examined the distal radius, proximal femur, 
vertebral and sacral fractures that occurred in 938 skeletons from the Hamann-Todd 
Collection, dated from 1910 to 1940. Among the African American and European 
Americans, the age at onset for increasing vertebral fractures with decreased bone mass 
uniformly occurred in the sixth decade of life. Mensoforth and Latimer (1989) had seen a 
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higher incidence of vertebral fractures among European Americans in comparison to 
African Americans, indicating a higher likelihood for European Americans to develop OP 
with the higher risk for vertebral fractures.           
 The studies of OP have only viewed the prevalence of the pathology with OA, 
age, and sex; however, studies have not expanded on occupation or other vertebral 
pathologies. These studies indicate that skeletal abnormalities are associated with 
demographic and other pathological variables. Therefore, pathological, occupational, and 
ancestral disparities are plausible and warrant further investigation. 
 
Osteoarthritis and Osteophytosis         
Stewart (1958) examined VO macroscopically and created a five-scale 
classification which assigned each vertebra a score based on the degree of bony lipping 
present. A score of 0 indicates no lipping or degenerative change; 1 indicates slight 
lipping; 2 indicates moderate lipping; 3 indicates severe lipping; and 4 indicates ankylosis 
of adjacent vertebrae. Osteophyte growth and expression can vary in the vertebral body 
border of each vertebra, so the maximum expression across the entire border was 
recorded for each vertebra (Stewart 1958).      
 Ubelaker (1999) created a methodology to assess each joint surface for the overall 
degree of bone formation, destruction, or deformation caused by OA. All four facets 
(superior and inferior articular facets) on each vertebra were examined, and an overall 
score was given for that each individual vertebra. A score of 0 indicated no visible 
lipping or degenerative change of OA on the superior or inferior articular surfaces.  A 
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score of 1 indicated slight lipping and pitting on facet joints (10%) on the vertebrae.  A 
score of 2 indicated moderate lipping (10-50%) and pitting, and a score of 3 indicates 
severe lipping, pitting and/or eburnation on the articular facets (>50%) (Ubelaker 1999). 
 Jones and Doherty (1995) briefly examined osteoarthritis in the perspective of 
modern medicine. The authors briefly examined osteoarthritis throughout the body, the 
different kinds (e.g., rheumatoid arthritis), and the demographics behind OA 
development.  Jones and Doherty (1995) concluded that OA is more prevalent in females, 
and that some types of OA are not seen in African American or Malaysian individuals.   
 Lovell (1994) examined vertebral OA and VO in prehistoric inhabitants of the 
Harappa, or the Urban Indus Valley civilization. The sample consisted of 23 complete 
skeletons from the primary burial context, with partial remains of more than 69 other 
individuals, totaling 3,084 vertebral joint margins and articular surfaces. The author 
examined the spines macroscopically for OA and VO lipping and eburnation, through 
and ordinal score of none, slight, moderate, and severe. Lovell (1994) did not find a 
correlation between age and the frequency of VO and OA formations on the vertebrae.  
 Listi and Manhein (2012) examined 104 individuals, aged 30-90 years, from the 
William M. Bass Donated Collection at the University of Tennessee, and the Donated 
Forensic Collection housed in the Forensic Anthropology and Computer Enhancement 
Services Laboratory at Louisiana State University. The authors examined the association 
between OA and VO and their potential etiologies. They found that the overall mean 
scores for VO and OA differed for the entire thoracic column, cervical, and vertebrae 
found in heavier stress areas. Listi and Manhein (2012) concluded that the different 
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etiologies for the two pathologies could signify a multifaceted response from a common 
stressor, or that the degenerative changes from multiple stressors will progress at similar 
rates (Listi and Manhein 2012). Nathan (1962) examined relatively modern vertebral 
columns (400 vertebral columns) of European Americans and African Americans and 
concluded that by the third decade of life, the majority of the individuals had 
osteophytosis, and by the fifth decade of life, all of them had the condition. He also 
concluded that VO tend to appear more where pressure and gravity is greatest, which 
indicates that osteophytes develop as a defense mechanism in response to pressure 
(Nathan 1962).        
 Bridges (1994) examined OA and VO among an Archaic and Mississippian 
skeletal population from the Pickwick Basin area of northwest Alabama. The sample 
consisted of 159 skeletons from the age 30 years and older, who were more likely to have 
developed OA and VO. In conclusion, the author that the development of OA and VO 
relates to bipedalism, handedness, and populational differences (the level of arthritis in 
the distribution among the spine, and in its peak intensities). Bridges (1994) believed that 
examining the distributions of arthritic lesions can be informative of inferring prehistoric 
activities.            
 Nocak and Slaus (2011) viewed SNs, VO and OA in two early Modern period 
(16th-19th century) Croatian populations (Koprivno and Sisak).  The Koprivno sample 
consisted of 51 skeletons (30 female, and 21 male), while the sample from Sisak 
consisted of 91 skeletons (45 females and 46 males). The Koprivno and Sisak samples 
consisted of individuals from the ages of 15-50 years, with many more older individuals 
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in the 45+ year category for the Koprivno sample compared to the Sisak, which mainly 
had individuals from the ages 31-45 years. Nocak and Slaus (2011) documented 
correlations between increased age, VO, and OA.  However, SN frequencies did not 
correlate with an increase in age. 
 
Schmorl’s Nodes            
Knusel et al. (1997) examined degenerative joint diseases in the medieval 
monastic cemetery of Fishergate, York in England. The authors examined SL, OA, VO, 
and SNs and created a scoring method used widely in subsequent studies to identify SNs. 
Knusel et al.’s (1997) scoring method for SNs consisted of three groups: (1) a healthy 
vertebra with no visible sign of SNs; (2) lesions of less than 2 mm in depth that cover at 
least half of the anteroposterior length of the vertebral body; and (3) lesions exceeding 
the parameters of the previous stage in depth or length. Burke (2012) examined SNs in an 
American military sample to view the frequency of the formation and etiology. The 
author used Knusel et al.’s (1997) scoring method to examine SNs. She concluded that 
SNs could possibly be caused by trauma, old age, disease, or intrinsic factors. Schmorl’s 
nodes are potentially linked to degenerative disk diseases and can develop anywhere on 
the spine.  Lastly, Burke (2012) stated that SNs were potentially caused by repetitive 
stress, flexion of the vertebral column, and lifting of heavy objects, based from the 
American military population examined (Burke 2012).       
 Plomp et al. (2012) studied SNs from four English skeletal populations. The 10th 
through 12th thoracic vertebrae from 135 adult individuals were the subject of the 
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analysis, equating to a total of 322 vertebrae. The sample was dated to the late Medieval 
period (12th-16th C AD), with one dating post-medieval (16th-19th C AD). Of the sites, 
three were from London and one was from York, England, with an approximate equal 
development among of males versus females and an even spectrum of age (Plomp et al. 
2012). The authors observed that both sexes were equally likely to develop SNs on T12. 
However, the authors were not able to conclude why both sexes were equally affected.  
 Williams et al. (2007) investigated the prevalence of SNs and their association 
with lumbar disc disease with the use of an MRI among adult female twins from the St, 
Thomas’ Hospital Twin Registry (n=516). They concluded that the development of SNs 
was closely related to degenerative disease, as well as being highly heritable. A number 
of genes have been implicated in disc degeneration: aggrecan gene polymorphism, a 
vitamin D receptor, and matrix metalloproteinase 3 gene alleles. The authors also 
concluded that the synthesis of SNs and breakdown of disc anatomic and biomechanical 
structures could be genetically determined and evenly lead to accelerated degenerative 
changes; for example, SNs are more common in individuals with Scheuermann’s disease 
and chondrodysplasias (Williams et al. 2007). Overall, the authors concluded that SNs 
are more common among individuals with lumbar disc disease.    
 Faccia and Williams (2008) examined a modern living population to better 
understand the etiology of SNs. Their sample consisted of 328 volunteers from the 
Spectrum Pain Clinics, Inc. whom were all over the age of 18 years. The authors had seen 
a difference between the development of SNs and sex, with males exhibiting a greater 
percentage of lesions than females. Additionally, among the examined modern sample, 
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the authors seen a difference in the distribution of SNs by spinal region and by sex. They 
believed that this difference was due to the existence of sexual division of labor which 
ultimately results in differently distributed back trauma (Faccia and Williams 2008).  
          
Spondylolysis            
Merbs (2002) examined spondylolysis in the Inuit from Artic Canada, dating from 
the Thule culture period, beginning about AD 1000, through the historic period (17th 
century) to the first half of the 20th century. Merbs examined 417 children, adolescents, 
young adults, middle adults and old adults.  Young adult to middle adults were the most 
affected by spondylolysis (Merbs 2002). Weiss (2009) studied spondylolysis in pre-
contact San Francisco Bay populations.  Weiss concluded that spondylolysis was more 
prevalent in older individuals, but this condition was also documented in younger 
individuals.  Weiss (2009) also saw that females were more affected than males but 
suggested that this was predominantly influenced by behavioral differences rather than 
biology.         
 Eisenstein (1978) examined spondylolysis of the lumbar vertebrae of 485 
individuals in modern South African (European and African ancestries). It was concluded 
from his study that white females had a higher incidence of spondylolysis rather than 
males. There was no visible difference in the development of spondylolysis in the ages of 
20-79 years. Eisenstein (1978) also concluded that L5 had a higher incidence of 
development of spondylolysis in the different vertebral segments. Similarly, Waldron 
(1991) saw no significant in the prevalence of SL with age while examining multiple sites 
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of skeletal remains in southern Britain (Romano-British, Anglo-Saxon, Medieval, and 
18th-19th centuries), totaling to 1659 individuals. Waldron (1991) also did not see any 
significance in the development of SL among the different sexes, which conflicts to other 
findings where males are seen to have twice the risk of developing SL than females 
(Merbs 1989; Waldron 1991)..       
 Stirland and Waldron (1997) examined the skeletal remains associated with the 
Mary Rose, which sunk in 1545. These remains demonstrated a probable occupational 
element for the expressions of pathological lesions on the vertebral columns and sacral 
elements: SNs, SL, VO, and ossification into the ligamentum flavum. The authors saw 
that many of these pathological conditions were seen among the spines of immature 
individuals with unfused epiphyses. In order for the authors to evaluate the changes of 
these remains of the Mary Rose, it was necessary to compare the results to another 
archaeological site, the late medieval cemetery of St. Margaret Fyebridgegate, Norwich 
(1254-1468) (Stirland and Waldron 1997). There was a higher development of the 
previously stated pathological conditions examined (SNs, SL, VO, and ossification of the 
ligamentum flavum) on the remains of the Mary Rose in comparison to Norwich. Stirland 
and Waldron (1997) concluded that these results were related to the occupations aboard 
the ship consisting of heavy physical work.      
 Lessa (2011) also examined SL, but among three southern Brazilian pre-colonial 
coastal site, located in the State of Santa Catarina (810  150 AD to 1150  70 AD). The 
sample consisted of 81 adults (48 males and 33 females) and examined for SL using 
Merbs (2002) criteria. The author had seen higher rates of SL development among men, 
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which indicated the social segment was potentially more involved in general heavy labor. 
From this study, the data had shown that the frequencies decreased for age: young adult 
(54.2%), middle adulthood (33.3%), and old adulthood (12.5%) (Lessa 2011).  
 
Spondylolisthesis 
Merbs (2001) examined SPL of approximately 1000 Native American skeletons 
from prehistoric or historic New Mexico Pueblo sites from the National Museum of 
Natural History (Smithsonian Institution), the Maxwell Museum of Anthropology 
(University of New Mexico), the San Diego Museum of Man, and the Department of 
Anthropology at Arizona State University. The skeletons were placed in three age 
categories: young adult, 18-30 years; middle adult, 30-45 years; and old adult, over 45 
years. Merbs (2001) found correlations between SLT, OA, and VO formation in historic 
skeletons from New Mexico sites.  His study provided information regarding the 
identification and definition of spondylolisthesis.  Overall, Merbs’ (2001) study explained 
how spondylolisthesis, if not treated, can cause OA in individuals over 40 years of age.   
 Andersen et al. (2013) examined degenerative SLT and spinal stenosis in relation 
to bone mineral density. They stated that SLT is more in common for development in 
women than men due to hormonal influences, pregnancy, pelvic morphology, and facet 
joint orientation. Andersen et al. (2013) examined a surgical cohort of elderly patients 
(n=81) undergoing fusion surgery for degenerative disc disease (spinal stenosis, and SLT) 
in order to investigate the differences in spinal bone mass. The authors concluded that 
there was a low bone mineral density in patients that were being surgically treated for 
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degenerative SLT, indicating the correlation of low bone mineral density and the 
development of SLT (Andersen et al. 2013).      
 Mays (2006) examined the prevalence of SL and SLT of 360 individuals in an 
adult (18 years or older) skeletal population from a rural English medieval archaeological 
site from Wharram Percy, north Yorkshire, England (11th to 14th centuries AD). The 
failure of the pars interarticularis with SL were more commonly seen among lade 
adolescence or in early adult life, which may be due to the strenuous physical labor of 
this medieval peasant community. The author, however, found SLT less frequent than 
SL, which may reflect the observation that the pars interarticularis defects at this site 
formed in early adulthood when the vertebrae are less vulnerable to slippage (Mays 
2006).            
 Kalichman et al. (2009) examined a sample of 188 participant’s radiographs of 
the Framingham Heart Study, with ages 40-80 years.  The goal of their study was to 
determine prevalence rates of SL, isthmic and degenerative SLT in an unselected adult 
community-based population. The authors concluded that males had a three times higher 
prevalence for development of SL in comparison to females. For SLT, only 39 of the 
individuals examined had this pathology. Those who with bilateral SL also were seen to 
have associated SLT. There was no difference seen in the prevalence of isthmic SLT 
between the sexes; however, the prevalence of degenerative SLT was significantly higher 
in females than males. Degenerative SLT had shown a higher prevalence among older 
age groups in males, and females (greater than 40 years) (Kalichman et al. 2009).  
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The Osteological Paradox 
Wood et al. (1992) introduced issues with inferring any associated health 
conclusions from archaeological samples, commonly known as the osteological paradox. 
The interpretive cautions proposed in Wood et al. (1992) remain relevant within 
contemporary paleopathology (Smith 2013). There were three main theoretical issues 
discussed in the osteological paradox: demographic nonstationary, selective mortality, 
and hidden heterogeneity in risks (Wood et al. 1992).      
 Koinsberg and Frankenberg (2013) defined demography as the description of 
people in a population. Demography, in the context of forensics refers to a description of 
age and sex on an individual level for the purpose of identification. Therefore, 
demographic nonstationary refers to the demographic characteristics (age, sex, ancestry) 
of a population that is not stationary (Konigsberg and Frankenberg 2013; Wood et al. 
1992). Wood et al. (1992: 344) state that a population is “characterized by a closure to 
migration, constant age-specific fertility and mortality, zero growth rate, and an 
equilibrium age distribution.” In other words, demographic nonstationary indicates that 
skeletal assemblages reflect fertility in a given population rather than mortality.   
 Selective mortality references the fact that individuals within a skeletal 
assemblage are dead (Smith 2013; Wood et al. 1992). In other words, a skeletal 
assemblage does not reflect all of the individuals who were at risk of a given disease 
within a population, but rather those individuals who died of the disease at that age. It is 
important to note that larger sample sizes will not avoid the possibility of selective 
mortality; however, understanding this issue should caution the observer about inferring 
 28 
specific information from the dataset (Wood et al. 1992).      
 Hidden heterogeneity refers to the fact that populations are diverse and those 
individuals that comprise a skeletal assemblage represent individuals who were 
differentially vulnerable to disease and death (Smith 2013; Wood et al. 1992). Therefore, 
the hidden heterogeneity for a give skeletal assemblage should be taken into account 
when population-specific characteristics are to be defined (Smith 2013; Wood et al. 
1992).           
 According to Smith (2013), age-at-death estimations are one of the foundations 
for pathological evaluation within a skeletal assemblage. In order for a pathology to 
appear on the bone, the living individual must have been affected by the disease for an 
extensive period of time. Therefore, the individual who was affected by a disease but 
continued to live may demonstrate resilience. Paradoxically, the lack of skeletal 
pathologies found in a skeletal sample could be misinterpreted as an indicator of good 
health within a population (DeWitte 2009; DeWitte and Stojanowski 2015; Smith 2013; 
Wood et al. 1992).          
 The contention over the accuracy and applicability of the osteological paradox is 
still widely discussed (DeWitte 2009; DeWitte and Stojanowski 2015; Smith 2013). The 
three issues raised by Wood et al. (1992) illuminated the consequences of inferences 
derived from skeletal assemblages. This approach persists in the field of forensic 
anthropology as well with estimations conducted for the establishment of the biological 
profile to aid in identification within the field of forensics, indicating the need or basic 
understanding of the osteological paradox to understand how pathological conditions 
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affect skeletal remains. In other words, understanding the etiology of pathological 
conditions and who are more at risk of developing them can help limit the list of potential 
individuals for identification purposes, with known age, sex, ancestry, and/or occupation. 
Typically, researchers are hesitant to examine occupation or activities within a population 
based off of pathological conditions. However; Lai and Lovell (1992) state that the 
hyperdevelopment of muscle and ligament attachments in the trunk and limbs may 
indicate repeated strenuous activity; also a more diverse, prevalent and severe joint 
changes than perhaps would be predicted for men or women of this age suggest weight-
bearing functional stress. This can be considered while examining a skeletal population, 
but the osteological paradox still needs to be considered.      
 The osteological paradox must be considered when any conclusion is to be drawn 
from a skeletal assemblage within anthropological research, especially when trying to 
understand and learn the etiologies of certain pathological conditions (e.g. OP, OA, VO, 
SNs, SL, SLT, and LS), and try to understand potential correlations with these 
pathologies and sociodemographic risk factors. 
  
Conclusion  
The majority of previous research addressing vertebral pathological conditions 
usually examine only one specific pathology (OA, SL, SLT, SNs, VO, and LS) in 
addition to sociodemographic risk factors (sex, age, ancestry, and occupation), and they 
generally lack answers regarding who are more likely to develop the pathological 
conditions and their etiologies (Brickley 2002; Burke 2012; Curate et al. 2016; Genant et 
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al. 1996; Jones and Doherty 1995; Kitahara et al. 2013; Knusel et al. 1997; Lovell 1994; 
Merbs 2001; Nocak and Slaus 2011; Plomp et al. 2012; Szulc et al. 2000; Van Schoor et 
al. 2004; Weiss 2009). This overall indicates the need for more research for possible 
developmental correlations among the vertebral pathological conditions, as well as the 
possible correlations among the pathological conditions and sociodemographic risk 
factors. 
      
CHAPTER THREE: MATERIALS AND METHODS 
Introduction 
 Pathological conditions are rarely scored on a simple presence-absence score due 
to their highly dynamic process. There are also many factors that may affect the 
quantification of a given pathological condition: sex, age, ancestry, and interobserver 
difference (Smith 2013). All of these factors were considered and recorded for this 
experiment and the pathological conditions were examined macroscopically.   
 This chapter explains in depth how each pathological condition was 
macroscopically scored using known methods from Genant et al.’s (1996), Ubelaker’s 
(1999), Stewart’s (1958), Knusel et al.’s (1997), and Merbs (2001;2002) studies, with 
visual representations provided from the examined sample that was based off of previous 
research. The demographics of the study population is also explained to better understand 
the size of the population and the overall breakdown of the sample examined; sex, 
ancestry, age, and occupation. Lastly, the statistical analyses and the intraobserver error 
will be discussed for this current research in this section.  
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Study Sample            
The William M. Bass Donated Skeletal Collection at the University of Tennessee, 
Knoxville was founded in 1981 and currently contains approximately 1,700 donated 
skeletal remains (“WM Bass Donated Skeletal Collection,” Forensic Anthropology 
Center). The majority of the individuals are European American, with only 8% African 
American, and a smaller portion of Hispanic ancestry.  As such, the majority of the 
African American individuals were analyzed (n= 54), and a random selection of 
European Americans were analyzed (n=184).  There is a high sex variance in the Bass 
collection, which consists of approximately 70% males and 30% females, with an age 
range of 16-99 years; however, only modern individuals at the ages of 21-99 years were 
examined. From the overall sample, 101 males and 82 females of European American 
ancestry, and 44 males and 11 females of African American ancestry were examined for 
these pathological conditions that contained the relevant demographics needed for this 
study (Age, Sex, and Ancestry Distribution,” Forensic Anthropology Center).    
 All of the individuals are well documented with complete demographic 
information: sex, age, ancestry, stature, pathology, and often occupation and habitual 
activities.  The entire antemortem information for the Bass individuals was documented 
and used to diagnosis OP, SN, SLT, SL, OA, VO, and LS, on the vertebrae of the skeletal 
remains.  This collection is important for this study due to the number of African 
American skeletal remains in the sample and having known sociodemographic factors.  
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Osteoporosis            
Curate et al. (2016) defined OP as a metabolic pathological disorder that is 
characterized by an overall decrease in bone mass, which is indicated as osteopenia and 
an increase in fracture risk (Gonzalez-Reimers et al. 2004). Osteoporosis is easily 
diagnosed in living individuals with the use of magnetic resonance imaging (MRI) and 
other technology; however, it is more difficult to identify OP in skeletal remains (Kyere 
et al. 2012).           
 Using Genant et al.’s (1996) scoring method of thoracic and lumbar vertebral 
compression fractures, the varying levels of OP were determined macroscopically.  
Initially, the anterior, posterior and middle portion of the vertebral height was measured 
with the use of digital calipers (BU #3).  Once the heights were documented, they were 
placed within categories following Genant et al.’s (1996) four grades, from 0 to 3 (Figure 
3.1).  The 0 score categorizes no visual reduction to the height of the vertebral body.  
Also, if there was uncertainty or if the vertebrae are questionable for compression, it 
would be scored 0.  Grade 1 categorizes a mild deformity with a 20-25% decrease in 
body height and a 10-20% reduction of the overall area.  Grade 2 categorizes a moderate 
deformity of the body with a 25-40% decrease in the height and reduction of area.  
Lastly, grade 3 is severely deformed, with a 40% or higher decrease in height and area of 
the vertebrae.  
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Figure 3.1. Osteoporosis ordinal scores based on Genant et al.’s (1996) ordinal 
scores. Pictures taken from individuals from the William Bass Donated Skeletal 
Collection. 0 = no visual reduction to the height of the vertebral body; 1 = mild 
deformity with a 20-25% decrease in body height and a 10-20% reduction of the 
overall area; 2 = moderate deformity of the body with a 25-40% decrease in the 
height and reduction of area; and 3 = severely deformed, with a 40% or higher 
decrease in height and area of the vertebrae. The scales are in cm and mm. 
 
Curate et al. (2016) defined the precise measurements that should be taken on the 
body of each vertebra. For a precise measurement of the posterior height, the maximum 
posterior point on the superior surface, including the annular ring, is taken on the 
vertebral body, and the maximum posterior point of the lower surface is also taken. The 
proper procedure to take the anterior height is at the maximum anterior point of the 
superior surface and the maximum anterior point of the lower surface, including the 
annular ring.           
 Occasionally, the vertebral bodies were highly degraded, exhibited a large 
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compression fracture, or the caliper measurements did not seem to match with a score.  
When those circumstances occurred, the vertebra was either not scored, or a more visual 
approach was taken with the macroscopic comparison of the vertebrae to the diagrams 
provided by Genant et al. (1996).  The vertebrae can be visually categorized based on 
where the vertebral body compression is located (anterior, posterior, or in the middle), 
and the type of compression (wedged, crushed, or biconcave).  
 
Osteoarthritis           
Osteoarthritis (OA) is identified with cartilage degradation at the cellular level, 
proliferation of osteophyte growth along the joint margin and surface, porosity visible on 
the joint surface, changes in bone contour with the bone becoming wider and flatter in 
appearance, and eburnation, which presents as being highly polished or grooved on the 
bone surface resulting from prolonged bone-to-bone contact (Brennaman et al. 2017; 
Listi and Manhein 2012; Lovell 1994; Merbs 2001; Nocak and Slaus 2011; Ubelaker 
1999). This pathology is known to affect the synovial joints, particularly in the superior 
and inferior articular facets of the vertebrae (Jones and Doherty 1995).    
 To determine the presence of OA macroscopically, a 0-3 scale was used (Listi and 
Manhein 2012; Lovell 1994; Merbs 2001; Nocak and Slaus 2011; Ubelaker 1999).  
Ubelaker’s (1999) methodology was assessed on each joint surface for the overall degree 
of bone formation, destruction, or deformation. All four facets (superior and inferior 
articular facets) on each vertebra were examined, and an overall score was given for that 
each individual vertebra (Figure 3.2). A score of 0 indicates no visible lipping or 
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degenerative change of OA on the superior or inferior articular surfaces.  A score of 1 
indicates slight lipping and pitting on facet joints (10%) on the vertebrae.  A score of 2 
indicates moderate lipping (10-50%) and pitting, and a score of 3 indicates severe 
lipping, pitting and/or eburnation on the articular facets (>50%).    
 
 
Figure 3.2. Osteoarthritis ordinal scores based on Ubelaker’s (1999) methodology. 
Pictures taken from individuals in the William Bass Donated Skeletal Collection. 0 = 
no visible lipping or degenerative change of OA on the superior or inferior articular 
surfaces; 1 = slight lipping and pitting on facet joints (10%) on the vertebrae; 2 = 
moderate lipping (10-50%) and pitting; and 3 = severe lipping, pitting and/or 
eburnation on the articular facets. The scales are in cm and mm.  
 
 
Osteophytosis   
Vertebral osteophyte formation, or osteophytosis, is an extra growth or projection 
of bone from the vertebral body margin due to arthritis.  This pathology affects the 
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fibrocartilaginous tissue of the secondary cartilaginous joint between adjacent vertebral 
bodies (Maat et al. 1995). The ordinal scores for VO is similar to those previously 
mentioned for OA (Listi and Manhein 2012; Lovell 1994; Merbs 2001; Nocak and Slaus 
2011; Stewart 1958).  Stewart’s (1958) five-scale classification was used to assign each 
vertebra a score based on the degree of bony lipping present (Figure 3.3). A score of 0 
indicates no lipping or degenerative change; 1 indicates slight lipping; 2 indicates 
moderate lipping; 3 indicates severe lipping; and 4 indicates ankylosis of adjacent 
vertebrae. Osteophyte growth and expression can vary among the vertebral body border 
of each vertebra, so the maximum expression across the entire border was recorded for 
each vertebra.  
 
Figure 3.3. Osteophytosis ordinal scores based on Stewart (1958). Pictures taken on 
individuals from the William Bass Donated Skeletal Collection. 0 = no lipping or 
degenerative change; 1 = slight lipping; 2 = moderate lipping; 3 = severe lipping; 
and 4 = ankylosis of adjacent vertebrae. The scales are in cm and mm. 
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Schmorl’s nodes          
Schmorl’s nodes are small depressions on the inferior and/or superior surface of 
the vertebral bodies. They are known to be caused by a herniation of the nucleus pulpous 
of the intervertebral discs (Schmorl 1926; Schmorl and Junghanns 1959; Schmorl and 
Junghanns 1971). Schmorl’s nodes were recorded on both the inferior and superior 
surfaces of the vertebral bodies and scored macroscopically with the use of Knusel et 
al.’s (1997) scoring method (Figure 3.4).  Knusel et al.’s (1997) scoring method consists 
of three groups: (1) a healthy vertebra with no visible sign of SNs; (2) lesions less than 2 
mm in depth that cover at least half of the anteroposterior length of the vertebral body; 
and (3) lesions exceeding the parameters of the previous stage in depth or length.  This 
assessment was conducted with reference pictures depicting healthy vertebrae and images 
by Plomp et al. (2012) for each ordinal score. If the vertebrae had a large number of SNs 
on the surface, it was recorded as well.   
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Figure 3.4. Schmorl’s nodes present on thoracic vertebrae both superiorly and 
inferiorly (image adapted from Burke 2012:573).  
 
 
Spondylolysis           
Spondylolysis refers to a separation of the vertebral hemi-arch from the body 
(Merbs 2002). Spondylolysis is difficult to score due to human variation and the potential 
healing of the fractures (Weiss 2009).  This condition was initially assessed based on 
whether the separation was partial or complete (Merbs 2002).  Next, the vertebrae were 
separated based on the side affected, whether the condition was unilateral or bilateral, and 
lastly, the specific location of the defect on the hemi-arch, either the interarticularis, 
pedicle, or lamina.  The appearance of an incomplete or a complete separation was 
recorded.  An incomplete separation is classified when the fracture extends from the 
superior margin of the arch downward, while a complete separation is from the inferior 
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margin superiorly.  Complete separations were also recorded based on the separated 
edges: irregular, straight, or resorbed and remodeled (Figure 3.5) (Merbs 2002).   
 
Figure 3.5. Complete intrarticularis separation spondylolysis on L2-L3 articulation 
based on Merbs’s (2002) classification. Picture taken from an individual in the 
William Bass Donated Skeletal Collection. The scale is in cm and mm. 
 
If possible, the sacral base angles and the sacral superior articular facets were also 
scored based on the ordinal scores of Weiss (2009). The sacral base angle was observed 
and categorized into one of the three scores; (1) straight or flat; (2) angled superiorly; and 
(3) angled inferiorly (Figure 3.6). The sacral superior articular facts were also viewed and 
categorized into one of the three scores: (1) faced medially; (2) angled outward; and (3) 
faced posteriorly (Figure 3.7) (Weiss 2009).   
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Figure 3.6. Left lateral view of sacrum showing sacral base angle variation as 
illustrated with lines, left side is anterior: (A) straight or flat = 1; (B) anterior sacral 
base angles superiorly = 2; (C) anterior sacral base angles inferiorly = 3 (image from 
Weiss 2009:379). 
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Figure 3.7. Superior view of sacra showing facet orientation as illustrated with lines 
representing superior articular sacral facets: (A) medial = 1; (B) angled outward = 
2; (C) posterior = 3 (image from Weiss 2009:379).  
 
 
Spondylolisthesis 
Spondylolisthesis is the anterior slippage of a lumbar vertebra, which was 
examined by articulating the adjacent vertebrae and examining the anterior slippage of 
the bodies relative to the standard pictures provided in Merbs’s (2001) study (Figures 3.8 
and 3.9). Then the measurements of the degenerative olisthesis were taken (the actual 
slippage), by the digital calipers (BU #3) once the adjacent vertebrae were articulated 
(Figure 3.10). Vertebrae that had many osteophytes were avoided or not measured due to 
the possibility of mismeasurement (Merbs 2001). 
 42 
 
Figure 3.8. Superior view of L5 and S1, showing how the olisthesis measurement 
(arrow) was taken in the Merbs (2001) study (image from Merbs 2001: page 289) 
 
 
Figure 3.9.  Left lateral view of lumbosacral region, showing degenerative 
spondylolisthesis at L4-L5 and L5-S1 levels (arrows). The dotted lines indicate the 
extensions of the anterior vertical plane of the vertebral bodies, indicating the 
approximate amount of slippage (image from Merbs (2001): page 288) 
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Figure 3.10. Spondylolisthesis of L4-L5 articulation following Merbs’s (2001) 
classification (red circle) from the William Bass Donated Skeletal Collection. Note 
the large amount of anterior slippage of L4 (red arrow). The scale is in cm and mm. 
 
 
Laminal Spurs           
Laminal spurs are small bony projections on the superior border of the neural arch 
of the vertebrae, or on the superior lamina (Mann and Murphy 1990). Laminal spurs were 
recorded based on the presence (1) or absence (0) on the vertebrae (Figure 3.11).   
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Figure 3.11. Laminal spurs of T12 from the William Bass Donated Skeletal 
Collection., note the large boney projections on the superior lamina (red circle). The 
scale is in cm and mm. 
  
 
Statistical Methods            
Multivariate analyses were used to view possible correlations between vertebral 
OP, SNs, OA, VO, SP, SPT, LSs, and sociodemographic risk factors. Cross-tabulations 
present the distribution of two categorical variables simultaneously, with intersection of 
the categories of the variables appearing in the cells of the table. The test of independence 
assesses whether an association exits among the two variables by comparing the observed 
patterns (Landis and Koch 1977). Chi-square analyses were conducted for each 
pathological conditions and sociodemographic conditions separately to see if there were 
any statistical significance, with a p-values less than 0.5. The null hypothesis of the chi-
square test is that no relationship exists of the categorical variables in the population 
being examined, indicating that the variables are independent. The null hypothesis of this 
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study is that there is no relationship between vertebral pathological conditions and 
sociodemographic risk factors (Landis and Koch 1977)..       
 Ages were grouped into five-year intervals to better understand when the 
pathological conditions manifest, from 20-24 years to 95-99 years (Table 3.1).  
Occupations were further categorized from the antemortem data provided in order to 
correlate them with the ordinal scores of the pathological conditions: labor intensive, 
non-labor intensive, unemployed/disabled, and unknown (Table 3.2). Labor intensive 
occupations consisted of anything that would involve strenuous movement or lifting of 
heavy objects; for example, construction, carpentry, factory worker, maintenance, or 
landscaping. Non-labor intensive occupations were considered anything that did not 
require heavy lifting or strenuous movement constantly; for example, secretary, customer 
service, computer tech, or teacher. The antemortem data provided for the sample 
consisted of many individuals who labeled themselves as unemployed and/or disabled, 
while others put unknown or not applicable, which then could not be further categorized 
for occupation (Table 3.2).  
Table 3.1. Sample breakdown of age and ancestry. 
 European American African American  
Age (years) Male Female Male Female 
20-24 - - 1 1 
25-29 - - 2 - 
30-34 - - - - 
35-39 - - 1 1 
40-44 9 3 7 - 
45-49 11 4 9 - 
50-54 15 7 3 2 
55-59 13 10 6 1 
60-64 17 12 5 - 
65-69 13 14 3 2 
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70-74 11 10 4 2 
75-79 8 12 1 1 
80-84 1 5 1 - 
85-89 3 3 - - 
90-94 - 2 1 - 
95-99 - - - 1 
Total 101 82 44 11 
 
Table 3.2. Sample breakdown of occupation and ancestry. 
Occupation European American African American  
Non-Labor Intensive 106 13 
Labor Intensive 69 8 
Unemployed/Disabled 4 7 
Unknown 5 27 
Total 183 55 
 
Approximately 10% (n=26) of the study sample (n=238) was re-examined for 
each macroscopic scoring method with Cohen’s kappa test: osteoporosis, osteoarthritis, 
osteophytosis, Schmorl’s nodes, spondylolysis, spondylolisthesis, and laminal spurs. 
Subsequently, Cohen’s kappa statistical tests were run to test the amount of intraobserver 
error through exact agreement and one-off agreement percentages. The Cohen’s kappa 
statistic is a measure of agreement between categorical variables. Initially, the quantities 
of the observer agreement for categorical data is: 
k = 
𝜋𝜊−𝜋𝜊
1− 𝜋𝑒
 , 
where 𝜋𝜊 is the observational probability of agreement and 𝜋𝑒 is a hypothetical expected 
probability of agreement under an appropriate set of baseline constraints, such a as total 
independence of observer classifications (Landis and Koch 1977). As shown by Landis 
and Koch (1977), k is directly analogous to the intraclass correlation coefficient for 
quantitative measurements and can be used as a measure of the reliability of multiple 
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determinations on the same subjects.  Due to the time constraint (one month) for this 
research, interobserver analyses were not conducted.    
Conclusion             
The examination and diagnosis of pathological conditions on skeletal remains is 
difficult and subjective. In most instances these pathological conditions, especially that of 
OP, are identified through radiographs or DNA or genetic testing, which is highly 
specialized, expensive, and destructive. These are not typically accessible in order to 
study pathological conditions; hence the use of macroscopic scoring systems for the 
severity and development of these pathologies. With the use of the macroscopic ordinal 
scores mentioned previously (Genant et al.1996; Ubelaker 1999; Stewart 1958; Knusel et 
al. 1997; Merbs 2001; and Merbs 2002), OP, OA, VO, SNs, SP, SPT, and LS were 
examined.  
 
CHAPTER FOUR: RESULTS 
Introduction 
 From the William Bass Donated Skeletal Sample, 54 African Americans, and a 
random sample of 184 European Americans were analyzed. From the overall sample, 93 
individuals are female and 145 are male, which were examined for these pathological 
conditions that contained the proper demographics needed for this study. Occupations 
were categorized in order to correlate them with the ordinal scores of the pathological 
conditions: labor intensive, non-labor intensive, unemployed, and unknown. 
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Multivariate Analysis  
 Multivariate analyses were used to view possible correlations between OP, 
Schmorl’s SNs, OA, VO, SL, SLT, LS, and sociodemographic risk factors including age, 
sex, ancestry, and occupation. Chi-square analyses were conducted between the 
pathological conditions and sociodemographic factors to determine statistical 
significance, with a p-value less than 0.5 representing significance, between each 
pathological condition separately. Cross-tabulations present the distribution of two 
categorical variables simultaneously, with intersection of the categories of the variables 
appearing in the cells of the table. The null hypothesis of the Chi-square test is that no 
relationship exists on the categorical variables in the population being examined, 
indicating that the variables are independent (Landis and Koch 1977).    
 Many cross-tabulations were conducted on all of the vertebral pathological 
conditions (OP, OA, VO, SNs, Spondylolysis, Spondylolisthesis, and laminal spurs) and 
sociodemographic risk factors (age, sex, ancestry, and occupation) with the use of 
Statistical Package for the Social Sciences (SPSS). Those with p-values less than 0.05 
have high significance and reject the null hypothesis, that there is no relationship between 
the pathological conditions or sociodemographic risk factors. All of the p-values are 
recorded in charts for the visual correlations between the pathologies and 
sociodemographic risk factors (Tables 4.01-4.266). Significant results are further 
highlighted and graphed (Table 4.267-4.268, and figures 4.1 and 4.2). Intraobserver error 
was also recorded through exact agreement percentage and one-off agreement (Tables 
4.269-4.279).  
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Table 4.01: Chi-square results for 
ancestry and osteoporosis for vertebra 
T1-L6. 
Vertebrae p-values 
T1 0.000* 
T2 0.000* 
T3 0.000* 
T4 0.000* 
T5 0.000* 
T6 0.000* 
T7 0.000* 
T8 0.000* 
T9 0.000* 
T10 0.000* 
T11 0.000* 
T12 0.000* 
T13 0.050 
L1 0.000* 
L2 0.000* 
L3 0.160 
L4 0.001* 
L5 0.000* 
L6 0.169 
       *statistically significant at the 0.05 level 
Table 4.02. Chi-square results for 
ancestry and osteoarthritis for vertebra 
C1-S1. 
Vertebrae p-values 
C1 0.000* 
C2 0.000* 
C3 0.033* 
C4 0.026* 
C5 0.187 
C6 0.055 
C7 0.014* 
T1 0.035* 
T2 0.065 
T3 0.427 
T4 0.814 
T5 0.387 
T6 0.112 
T7 0.186 
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T8 0.245 
T9 0.887 
T10 0.967 
T11 0.002* 
T12 0.000* 
T13 0.012* 
L1 0.000* 
L2 0.007* 
L3 0.003* 
L4 0.323 
L5 0.422 
L6 0.586 
S1 0.293 
       *statistically significant at the 0.05 level 
Table 4.03: Chi-square results for 
ancestry and osteophytosis for vertebra 
C1-S1 
Vertebrae p-values 
C1 0.581 
C2 0.080 
C3 0.002* 
C4 0.000* 
C5 0.018* 
C6 0.008* 
C7 0.008* 
T1 0.005* 
T2 0.004* 
T3 0.003* 
T4 0.000* 
T5 0.000* 
T6 0.000* 
T7 0.000* 
T8 0.000* 
T9 0.000* 
T10 0.000* 
T11 0.000* 
T12 0.000* 
T13 0.290 
L1 0.000* 
L2 0.000* 
L3 0.000* 
L4 0.000* 
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L5 0.000* 
L6 0.215 
S1 0.000* 
      *statistically significant at the 0.05 level 
Table 4.04: Chi-square results for ancestry and Schmorl’s nodes 
for vertebra C1-S1. 
Vertebrae Superior surface p-
values 
Inferior surface p-
values 
C1 0.069 0.069 
C2 0.007* 0.500 
C3 0.011* 0.320 
C4 0.483 0.250 
C5 0.068 0.753 
C6 0.048* 0.991 
C7 0.283 0.795 
T1 0.534 0.568 
T2 0.458 0.677 
T3 0.439 0.284 
T4 0.977 0.930 
T5 0.359 0.018* 
T6 0.137 0.047* 
T7 0.029* 0.002* 
T8 0.102 0.038* 
T9 0.171 0.000* 
T10 0.013* 0.000* 
T11 0.001* 0.000* 
T12 0.023* 0.000* 
T13 0.472 0.153 
L1 0.030* 0.004* 
L2 0.016* 0.046* 
L3 0.014* 0.333 
L4 0.022* 0.000* 
L5 0.956 0.016* 
L6 0.764 - 
S1 0.049* - 
      *statistically significant at the 0.05 level 
Table 4.05: Chi-square results for ancestry, 
spondylolysis, and spondylolisthesis. 
Pathology p-value 
Spondylolysis 0.086 
Spondylolisthesis 0.807 
      *statistically significant at the 0.05 level 
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Table 4.06: Chi-square results for ancestry 
and laminal spurs for vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.074 
C4 0.158 
C5 0.986 
C6 0.774 
C7 0.963 
T1 0.022* 
T2 0.006* 
T3 0.044* 
T4 0.984 
T5 0.864 
T6 0.754 
T7 0.469 
T8 0.892 
T9 0.578 
T10 0.708 
T11 0.211 
T12 0.017* 
T13 0.361 
L1 0.000* 
L2 0.001* 
L3 0.013* 
L4 0.029* 
L5 0.896 
L6 0.400 
S1 0.005* 
      *statistically significant at the 0.05 level 
Table 4.07: Chi-square results for sex and 
osteoporosis for vertebra T1-L6. 
Vertebrae p-values 
T1 0.203 
T2 0.021* 
T3 0.081 
T4 0.440 
T5 0.486 
T6 0.047* 
T7 0.420 
T8 0.378 
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T9 0.712 
T10 0.334 
T11 0.049* 
T12 0.202 
T13 0.223 
L1 0.306 
L2 0.665 
L3 0.713 
L4 0.940 
L5 0.822 
L6 0.368 
      *statistically significant at the 0.05 level 
Table 4.08: Chi-square results for sex and 
osteoarthritis for vertebra C1-S1.  
Vertebrae p-values 
C1 0.481 
C2 0.458 
C3 0.055 
C4 0.032* 
C5 0.482 
C6 0.906 
C7 0.986 
T1 0.605 
T2 0.153 
T3 0.000* 
T4 0.003* 
T5 0.013* 
T6 0.019* 
T7 0.442 
T8 0.273 
T9 0.055 
T10 0.031* 
T11 0.421 
T12 0.289 
T13 0.439 
L1 0.541 
L2 0.398 
L3 0.447 
L4 0.001* 
L5 0.000* 
L6 0.147 
S1 0.154 
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      *statistically significant at the 0.05 level 
Table 4.09: Chi-square results for sex and 
osteophytosis for vertebra C1-S1. 
Vertebrae p-values 
C1 0.223 
C2 0.027* 
C3 0.020* 
C4 0.227 
C5 0.939 
C6 0.868 
C7 0.198 
T1 0.432 
T2 0.876 
T3 0.206 
T4 0.058 
T5 0.228 
T6 0.222 
T7 0.413 
T8 0.383 
T9 0.099 
T10 0.963 
T11 0.441 
T12 0.329 
T13 0.290 
L1 0.265 
L2 0.728 
L3 0.060 
L4 0.039* 
L5 0.184 
L6 0.496 
S1 0.255 
      *statistically significant at the 0.05 level 
Table 4.10: Chi-square results for sex and Schmorl’s nodes for 
vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.410 0.223 
C2 0.212 0.062 
C3 0.186 0.190 
C4 0.182 0.458 
C5 0.261 0.489 
C6 0.311 0.663 
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C7 0.355 0.361 
T1 0.628 0.643 
T2 0.210 0.329 
T3 0.547 0.790 
T4 0.304 0.933 
T5 0.791 0.531 
T6 0.529 0.512 
T7 0.294 0.183 
T8 0.013* 0.052 
T9 0.007* 0.010* 
T10 0.115 0.010* 
T11 0.048* 0.015* 
T12 0.075 0.175 
T13 0.050 0.223 
L1 0.712 0.422 
L2 0.068 0.160 
L3 0.379 0.581 
L4 0.631 0.053 
L5 0.641 0.289 
L6 0.411 - 
S1 0.027* - 
     *statistically significant at the 0.05 level 
Table 4.11. Chi-squared results for sex, 
spondylolysis and spondylolisthesis.  
Pathology  p-value 
Spondylolysis 0.076 
Spondylolisthesis 0.001* 
      *statistically significant at the 0.05 level 
Table 4.12: Chi-square results for sex and 
laminal spurs for vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.863 
C4 0.469 
C5 0.158 
C6 0.655 
C7 0.613 
T1 0.555 
T2 0.840 
T3 0.977 
T4 0.273 
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      *statistically significant at the 0.05 level 
Table 4.13: Chi-square results for age and 
osteoporosis for vertebra T1-L6. 
Vertebrae p-values 
T1 0.052 
T2 0.758 
T3 0.319 
T4 0.045* 
T5 0.147 
T6 0.027* 
T7 0.184 
T8 0.064 
T9 0.201 
T10 0.119 
T11 0.068 
T12 0.177 
T13 0.302 
L1 0.000* 
L2 0.240 
L3 0.010* 
L4 0.024* 
L5 0.778 
L6 0.501 
      *statistically significant at the 0.05 level 
Table 4.14: Chi-square results for age and 
osteoarthritis for vertebra C1-S1. 
T5 0.045* 
T6 0.092 
T7 0.519 
T8 0.164 
T9 0.315 
T10 0.573 
T11 0.072 
T12 0.763 
T13 0.361 
L1 0.842 
L2 0.149 
L3 0.005* 
L4 0.025* 
L5 0.447 
L6 0.252 
S1 0.111 
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Vertebrae p-values 
C1 0.000* 
C2 0.000* 
C3 0.000* 
C4 0.000* 
C5 0.000* 
C6 0.000* 
C7 0.000* 
T1 0.000* 
T2 0.007* 
T3 0.001* 
T4 0.000* 
T5 0.000* 
T6 0.000* 
T7 0.003* 
T8 0.007* 
T9 0.012* 
T10 0.137 
T11 0.016* 
T12 0.009* 
T13 0.199 
L1 0.006* 
L2 0.050 
L3 0.166 
L4 0.000* 
L5 0.001* 
L6 0.097 
S1 0.262 
      *statistically significant at the 0.05 level 
Table 4.15: Chi-square results for age and 
osteophytosis for vertebra C1-S1. 
Vertebrae p-values 
C1 0.963 
C2 0.007* 
C3 0.003* 
C4 0.000* 
C5 0.000* 
C6 0.000* 
C7 0.000* 
T1 0.203 
T2 0.001* 
T3 0.001* 
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T4 0.000* 
T5 0.000* 
T6 0.000* 
T7 0.000* 
T8 0.000* 
T9 0.000* 
T10 0.000* 
T11 0.000* 
T12 0.000* 
T13 0.334 
L1 0.000* 
L2 0.000* 
L3 0.000* 
L4 0.000* 
L5 0.000* 
L6 0.176 
S1 0.021* 
      *statistically significant at the 0.05 level 
Table 4.16: Chi-square results for age and Schmorl’s nodes for 
vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.948 0.000* 
C2 0.000* 0.881 
C3 0.010* 0.660 
C4 0.015* 0.001* 
C5 0.470 0.023* 
C6 0.010* 0.387 
C7 0.624 0.729 
T1 0.903 0.000* 
T2 0.302 0.000* 
T3 0.001* 0.000* 
T4 0.000* 0.000* 
T5 0.020* 0.002* 
T6 0.000* 0.000* 
T7 0.012* 0.069 
T8 0.121 0.601 
T9 0.276 0.170 
T10 0.024* 0.001* 
T11 0.073 0.045* 
T12 0.447 0.016* 
T13 0.409 0.302 
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L1 0.057 0.018* 
L2 0.021* 0.395 
L3 0.027* 0.026* 
L4 0.679 0.151 
L5 0.657 0.149 
L6 0.072 - 
S1 0.579 - 
     *statistically significant at the 0.05 level 
Table 4.17. Chi-squared results for age, 
spondylolysis and spondylolisthesis.  
Pathology  p-value 
Spondylolysis 0.932 
Spondylolisthesis 0.192 
      *statistically significant at the 0.05 level 
Table 4.18: Chi-square results for age and 
laminal spurs for vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.646 
C4 0.354 
C5 0.359 
C6 0.412 
C7 0.316 
T1 0.035* 
T2 0.673 
T3 0.338 
T4 0.005* 
T5 0.001* 
T6 0.000* 
T7 0.039* 
T8 0.001* 
T9 0.846 
T10 0.565 
T11 0.993 
T12 0.462 
T13 0.172 
L1 0.008* 
L2 0.024* 
L3 0.519 
L4 0.764 
L5 0.735 
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L6 0.392 
S1 0.887 
      *statistically significant at the 0.05 level 
Table 4.19: Chi-square results for 
occupation and osteoporosis for vertebra 
T1-L6. 
Vertebrae p-values 
T1 0.537 
T2 0.017* 
T3 0.009* 
T4 0.000* 
T5 0.000* 
T6 0.000* 
T7 0.000* 
T8 0.000* 
T9 0.000* 
T10 0.000* 
T11 0.000* 
T12 0.000* 
T13 0.517 
L1 0.000* 
L2 0.001* 
L3 0.663 
L4 0.387 
L5 0.184 
L6 0.809 
      *statistically significant at the 0.05 level 
Table 4.20: Chi-square results for 
occupation and osteoarthritis for vertebra 
C1-S1. 
Vertebrae p-values 
C1 0.093 
C2 0.057 
C3 0.611 
C4 0.245 
C5 0.332 
C6 0.043* 
C7 0.048* 
T1 0.159 
T2 0.058 
T3 0.143 
T4 0.527 
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T5 0.109 
T6 0.166 
T7 0.913 
T8 0.333 
T9 0.461 
T10 0.121 
T11 0.328 
T12 0.017* 
T13 0.050* 
L1 0.029* 
L2 0.996 
L3 0.677 
L4 0.281 
L5 0.014* 
L6 0.089 
S1 0.231 
      *statistically significant at the 0.05 level 
Table 4.21: Chi-square results for 
occupation and osteophytosis for vertebra 
C1-S1. 
Vertebrae p-values 
C1 0.368 
C2 0.064 
C3 0.017* 
C4 0.075 
C5 0.064 
C6 0.044* 
C7 0.062 
T1 0.455 
T2 0.066 
T3 0.179 
T4 0.014* 
T5 0.008* 
T6 0.000* 
T7 0.000* 
T8 0.000* 
T9 0.000* 
T10 0.000* 
T11 0.000* 
T12 0.000* 
T13 0.220 
L1 0.000* 
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L2 0.001* 
L3 0.000* 
L4 0.000* 
      *statistically significant at the 0.05 level 
Table 4.22: Chi-square results for occupation and Schmorl’s 
nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.104 0.863 
C2 0.853 0.186 
C3 0.143 0.545 
C4 0.757 0.879 
C5 0.006* 0.317 
C6 0.007* 0.884 
C7 0.321 0.905 
T1 0.847 0.912 
T2 0.688 0.657 
T3 0.430 0.867 
T4 0.610 0.361 
T5 0.726 0.270 
T6 0.720 0.217 
T7 0.387 0.154 
T8 0.522 0.211 
T9 0.789 0.002* 
T10 0.043* 0.002* 
T11 0.003* 0.028* 
T12 0.577 0.004* 
T13 0.173 0.136 
L1 0.176 0.512 
L2 0.011* 0.018* 
L3 0.039* 0.160 
L4 0.065 0.310 
L5 0.329 0.021* 
L6 0.629 - 
S1 0.026* - 
      *statistically significant at the 0.05 level 
Table 4.23. Chi-squared results for 
occupation, spondylolysis and 
spondylolisthesis.  
Pathology  p-value 
Spondylolysis 0.506 
Spondylolisthesis 0.600 
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      *statistically significant at the 0.05 level 
Table 4.24: Chi-square results for 
occupation and laminal spurs for vertebra 
C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.613 
C4 0.415 
C5 0.952 
C6 0.618 
C7 0.833 
T1 0.551 
T2 0.825 
T3 0.289 
T4 0.368 
T5 0.594 
T6 0.443 
T7 0.512 
T8 0.356 
T9 0.384 
T10 0.383 
T11 0.442 
T12 0.137 
T13 0.659 
L1 0.124 
L2 0.172 
L3 0.032* 
L4 0.035* 
L5 0.178 
L6 0.612 
S1 0.103 
      *statistically significant at the 0.05 level 
Table 4.25: Chi-square results for 
osteoporosis at T1 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.288 
C2 0.489 
C3 0.010* 
C4 0.030* 
C5 0.427 
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C6 0.230 
C7 0.456 
T1 0.508 
T2 0.671 
T3 0.961 
T4 0.461 
T5 0.994 
T6 0.403 
T7 0.898 
T8 0.494 
T9 0.842 
T10 0.943 
T11 0.564 
T12 0.216 
T13 - 
L1 0.580 
L2 0.231 
L3 0.082 
L4 0.939 
L5 0.955 
L6 0.226 
S1 0.064 
      *statistically significant at the 0.05 level 
Table 4.26: Chi-square results for 
osteoporosis at T2 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.750 
C2 0.657 
C3 0.023* 
C4 0.533 
C5 0.001* 
C6 0.518 
C7 0.391 
T1 0.351 
T2 0.665 
T3 0.057 
T4 0.070 
T5 0.770 
T6 0.362 
T7 0.916 
T8 0.973 
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T9 0.669 
T10 0.917 
T11 0.395 
T12 0.774 
T13 0.624 
L1 0.378 
L2 0.128 
L3 0.728 
L4 0.499 
L5 0.766 
L6 0.586 
S1 0.679 
      *statistically significant at the 0.05 level 
Table 4.27: Chi-square results for 
osteoporosis at T3 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.229 
C2 0.211 
C3 0.001* 
C4 0.269 
C5 0.001* 
C6 0.513 
C7 0.058 
T1 0.004* 
T2 0.522 
T3 0.012* 
T4 0.180 
T5 0.625 
T6 0.639 
T7 0.756 
T8 0.164 
T9 0.198 
T10 0.050* 
T11 0.242 
T12 0.012* 
T13 0.624 
L1 0.023* 
L2 0.064 
L3 0.071 
L4 0.939 
L5 0.930 
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L6 0.932 
S1 0.173 
     *statistically significant at the 0.05 level 
Table 4.28: Chi-square results for 
osteoporosis at T4 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.002* 
C2 0.259 
C3 0.105 
C4 0.253 
C5 0.096 
C6 0.051 
C7 0.028* 
T1 0.047* 
T2 0.036* 
T3 0.045* 
T4 0.475 
T5 0.448 
T6 0.595 
T7 0.768 
T8 0.814 
T9 0.998 
T10 0.874 
T11 0.879 
T12 0.022* 
T13 0.624 
L1 0.001* 
L2 0.392 
L3 0.793 
L4 0.812 
L5 0.838 
L6 0.488 
S1 0.774 
      *statistically significant at the 0.05 level 
Table 4.29: Chi-square results for 
osteoporosis at T5 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.315 
C2 0.087 
C3 0.103 
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C4 0.551 
C5 0.537 
C6 0.104 
C7 0.042* 
T1 0.000* 
T2 0.110 
T3 0.067 
T4 0.877 
T5 0.862 
T6 0.017* 
T7 0.111 
T8 0.038* 
T9 0.284 
T10 0.391 
T11 0.587 
T12 0.427 
T13 0.121 
L1 0.003* 
L2 0.058 
L3 0.663 
L4 0.889 
L5 0.928 
L6 0.417 
S1 0.998 
*statistically significant at the 0.05 level 
Table 4.30: Chi-square results for 
osteoporosis at T6 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.001* 
C2 0.031* 
C3 0.251 
C4 0.001* 
C5 0.347 
C6 0.377 
C7 0.330 
T1 0.467 
T2 0.171 
T3 0.632 
T4 0.098 
T5 0.345 
T6 0.077 
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T7 0.074 
T8 0.194 
T9 0.438 
T10 0.662 
T11 0.106 
T12 0.023* 
T13 0.121 
L1 0.001* 
L2 0.073 
L3 0.123 
L4 0.221 
L5 0.342 
L6 0.457 
S1 0.661 
      *statistically significant at the 0.05 level 
Table 4.31: Chi-square results for 
osteoporosis at T7 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.000* 
C2 0.006* 
C3 0.033* 
C4 0.319 
C5 0.047* 
C6 0.001* 
C7 0.055 
T1 0.038* 
T2 0.114 
T3 0.365 
T4 0.015* 
T5 0.011* 
T6 0.000* 
T7 0.002* 
T8 0.011* 
T9 0.005* 
T10 0.215 
T11 0.311 
T12 0.108 
T13 0.301 
L1 0.010* 
L2 0.335 
L3 0.473 
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L4 0.673 
L5 0.398 
L6 0.463 
S1 0.950 
      *statistically significant at the 0.05 level 
Table 4.32: Chi-square results for 
osteoporosis at T8 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.003* 
C2 0.023* 
C3 0.007* 
C4 0.056 
C5 0.070 
C6 0.305 
C7 0.053 
T1 0.010* 
T2 0.258 
T3 0.064 
T4 0.295 
T5 0.042* 
T6 0.012* 
T7 0.027* 
T8 0.000* 
T9 0.000* 
T10 0.013* 
T11 0.040* 
T12 0.008* 
T13 0.301 
L1 0.378 
L2 0.758 
L3 0.600 
L4 0.190 
L5 0.475 
L6 0.737 
S1 0.413 
      *statistically significant at the 0.05 level 
Table 4.33: Chi-square results for 
osteoporosis at T9 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.025* 
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C2 0.052 
C3 0.040* 
C4 0.374 
C5 0.061 
C6 0.094 
C7 0.204 
T1 0.021* 
T2 0.062 
T3 0.770 
T4 0.026* 
T5 0.006* 
T6 0.000* 
T7 0.037* 
T8 0.163 
T9 0.230 
T10 0.214 
T11 0.114 
T12 0.126 
T13 0.301 
L1 0.018* 
L2 0.029* 
L3 0.103 
L4 0.349 
L5 0.795 
L6 0.859 
S1 0.920 
      *statistically significant at the 0.05 level 
Table 4.34: Chi-square results for 
osteoporosis at T10 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.737 
C2 0.777 
C3 0.261 
C4 0.112 
C5 0.216 
C6 0.064 
C7 0.415 
T1 0.082 
T2 0.008* 
T3 0.217 
T4 0.047* 
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T5 0.046* 
T6 0.007* 
T7 0.000* 
T8 0.007* 
T9 0.009* 
T10 0.238 
T11 0.330 
T12 0.006* 
T13 0.050* 
L1 0.008* 
L2 0.098 
L3 0.542 
L4 0.730 
L5 0.900 
L6 0.245 
S1 0.636 
      *statistically significant at the 0.05 level 
Table 4.35: Chi-square results for 
osteoporosis at T11 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.012* 
C2 0.142 
C3 0.043* 
C4 0.030* 
C5 0.239 
C6 0.051 
C7 0.503 
T1 0.026* 
T2 0.574 
T3 0.399 
T4 0.308 
T5 0.035* 
T6 0.001* 
T7 0.090 
T8 0.003* 
T9 0.003* 
T10 0.000* 
T11 0.000* 
T12 0.004* 
T13 0.050* 
L1 0.053 
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L2 0.078 
L3 0.570 
L4 0.058 
L5 0.081 
L6 0.733 
S1 0.337 
      *statistically significant at the 0.05 level 
Table 4.36: Chi-square results for 
osteoporosis at T12 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.019* 
C2 0.147 
C3 0.146 
C4 0.118 
C5 0.106 
C6 0.070 
C7 0.735 
T1 0.530 
T2 0.102 
T3 0.295 
T4 0.337 
T5 0.061 
T6 0.003* 
T7 0.019* 
T8 0.013* 
T9 0.000* 
T10 0.000* 
T11 0.002* 
T12 0.002* 
T13 0.273 
L1 0.047* 
L2 0.355 
L3 0.606 
L4 0.452 
L5 0.593 
L6 0.577 
S1 0.456 
      *statistically significant at the 0.05 level 
Table 4.37: Chi-square results for 
osteoporosis at T13 and osteoarthritis for 
vertebra C1-S1. 
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Vertebrae p-values 
C1 - 
C2 0.549 
C3 0.223 
C4 0.323 
C5 0.083 
C6 0.323 
C7 0.517 
T1 0.513 
T2 0.558 
T3 0.558 
T4 0.050* 
T5 0.017* 
T6 0.017* 
T7 0.517 
T8 0.050* 
T9 0.050* 
T10 0.112 
T11 0.384 
T12 0.513 
T13 0.301 
L1 0.301 
L2 0.517 
L3 0.155 
L4 0.223 
L5 0.687 
L6 - 
S1 0.323 
      *statistically significant at the 0.05 level 
Table 4.38: Chi-square results for 
osteoporosis at L1 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.013* 
C2 0.034* 
C3 0.389 
C4 0.061 
C5 0.966 
C6 0.125 
C7 0.570 
T1 0.043* 
T2 0.046* 
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T3 0.506 
T4 0.045* 
T5 0.276 
T6 0.078 
T7 0.255 
T8 0.478 
T9 0.746 
T10 0.711 
T11 0.393 
T12 0.000* 
T13 0.014* 
L1 0.349 
L2 0.089 
L3 0.064 
L4 0.072 
L5 0.073 
L6 0.432 
S1 0.149 
      *statistically significant at the 0.05 level 
Table 4.39: Chi-square results for 
osteoporosis at L2 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.089 
C2 0.160 
C3 0.672 
C4 0.972 
C5 0.571 
C6 0.065 
C7 0.571 
T1 0.015* 
T2 0.635 
T3 0.637 
T4 0.377 
T5 0.210 
T6 0.041 
T7 0.313 
T8 0.330 
T9 0.299 
T10 0.000* 
T11 0.000* 
T12 0.005* 
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T13 0.050* 
L1 0.006* 
L2 0.004* 
L3 0.003* 
L4 0.458 
L5 0.744 
L6 0.581 
S1 0.654 
      *statistically significant at the 0.05 level 
Table 4.40: Chi-square results for 
osteoporosis at L3 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.366 
C2 0.123 
C3 0.839 
C4 0.563 
C5 0.743 
C6 0.272 
C7 0.625 
T1 0.166 
T2 0.496 
T3 0.559 
T4 0.701 
T5 0.550 
T6 0.249 
T7 0.000* 
T8 0.002* 
T9 0.157 
T10 0.001* 
T11 0.020* 
T12 0.000* 
T13 0.624 
L1 0.105 
L2 0.179 
L3 0.592 
L4 0.140 
L5 0.000* 
L6 0.211 
S1 0.785 
      *statistically significant at the 0.05 level 
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Table 4.41: Chi-square results for 
osteoporosis at L4 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.007* 
C2 0.000* 
C3 0.000* 
C4 0.117 
C5 0.400 
C6 0.043* 
C7 0.251 
T1 0.041* 
T2 0.354 
T3 0.535 
T4 0.187 
T5 0.273 
T6 0.598 
T7 0.106 
T8 0.158 
T9 0.535 
T10 0.156 
T11 0.367 
T12 0.192 
T13 0.624 
L1 0.658 
L2 0.559 
L3 0.885 
L4 0.255 
L5 0.713 
L6 0.408 
S1 0.328 
      *statistically significant at the 0.05 level 
Table 4.42: Chi-square results for 
osteoporosis at L5 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.000* 
C2 0.001* 
C3 0.349 
C4 0.001* 
C5 0.079 
C6 0.243 
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C7 0.416 
T1 0.200 
T2 0.264 
T3 0.435 
T4 0.695 
T5 0.360 
T6 0.370 
T7 0.387 
T8 0.782 
T9 0.810 
T10 0.449 
T11 0.435 
T12 0.764 
T13 0.753 
L1 0.727 
L2 0.015* 
L3 0.161 
L4 0.027* 
L5 - 
L6 0.297 
S1 0.000* 
      *statistically significant at the 0.05 level 
Table 4.43: Chi-square results for 
osteoporosis at L6 and osteoarthritis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 0.018* 
C3 0.424 
C4 0.596 
C5 0.363 
C6 0.809 
C7 0.596 
T1 0.424 
T2 0.084 
T3 0.368 
T4 0.074 
T5 0.134 
T6 0.926 
T7 0.926 
T8 0.827 
T9 0.827 
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T10 0.018* 
T11 0.018* 
T12 0.478 
T13 - 
L1 0.641 
L2 0.315 
L3 0.363 
L4 0.424 
L5 0.363 
L6 0.349 
S1 0.238 
      *statistically significant at the 0.05 level 
Table 4.44: Chi-square results for 
osteoporosis at T1 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.959 
C2 0.597 
C3 0.624 
C4 0.364 
C5 0.723 
C6 0.535 
C7 0.279 
T1 0.025* 
T2 0.004* 
T3 0.003* 
T4 0.055 
T5 0.017* 
T6 0.425 
T7 0.743 
T8 0.070 
T9 0.377 
T10 0.580 
T11 0.804 
T12 0.093 
T13 - 
L1 0.243 
L2 0.480 
L3 0.925 
L4 0.955 
L5 0.512 
L6 0.817 
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S1 0.154 
      *statistically significant at the 0.05 level 
Table 4.45: Chi-square results for 
osteoporosis at T2 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.969 
C2 0.762 
C3 0.215 
C4 0.523 
C5 0.697 
C6 0.514 
C7 0.429 
T1 0.864 
T2 0.061 
T3 0.378 
T4 0.254 
T5 0.245 
T6 0.049* 
T7 0.158 
T8 0.711 
T9 0.619 
T10 0.036* 
T11 0.734 
T12 0.021* 
T13 0.494 
L1 0.042* 
L2 0.000* 
L3 0.228 
L4 0.371 
L5 0.171 
L6 0.626 
S1 0.549 
      *statistically significant at the 0.05 level 
Table 4.46: Chi-square results for 
osteoporosis at T3 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.000* 
C2 0.507 
C3 0.144 
C4 0.448 
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C5 0.522 
C6 0.833 
C7 0.123 
T1 0.292 
T2 0.008* 
T3 0.043* 
T4 0.012* 
T5 0.043* 
T6 0.036* 
T7 0.282 
T8 0.006* 
T9 0.077 
T10 0.225 
T11 0.486 
T12 0.001* 
T13 0.112 
L1 0.211 
L2 0.088 
L3 0.504 
L4 0.780 
L5 0.679 
L6 0.548 
S1 0.046* 
      *statistically significant at the 0.05 level 
Table 4.47: Chi-square results for 
osteoporosis at T4 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.939 
C2 0.389 
C3 0.102 
C4 0.009* 
C5 0.811 
C6 0.239 
C7 0.022* 
T1 0.018* 
T2 0.063 
T3 0.134 
T4 0.018* 
T5 0.003* 
T6 0.000* 
T7 0.002* 
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T8 0.004* 
T9 0.011* 
T10 0.028* 
T11 0.187 
T12 0.001* 
T13 0.494 
L1 0.000* 
L2 0.008* 
L3 0.028* 
L4 0.010* 
L5 0.078 
L6 0.697 
S1 0.070 
      *statistically significant at the 0.05 level 
Table 4.48: Chi-square results for 
osteoporosis at T5 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.000* 
C2 0.562 
C3 0.451 
C4 0.009* 
C5 0.708 
C6 0.437 
C7 0.929 
T1 0.303 
T2 0.208 
T3 0.612 
T4 0.379 
T5 0.000* 
T6 0.000* 
T7 0.038* 
T8 0.010* 
T9 0.066 
T10 0.295 
T11 0.098 
T12 0.081 
T13 0.682 
L1 0.010* 
L2 0.055 
L3 0.223 
L4 0.495 
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L5 0.391 
L6 0.375 
S1 0.010* 
      *statistically significant at the 0.05 level 
Table 4.49: Chi-square results for 
osteoporosis at T6 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.895 
C2 0.479 
C3 0.112 
C4 0.028* 
C5 0.358 
C6 0.149 
C7 0.792 
T1 0.155 
T2 0.353 
T3 0.798 
T4 0.415 
T5 0.015* 
T6 0.000* 
T7 0.002* 
T8 0.000* 
T9 0.007* 
T10 0.029* 
T11 0.105 
T12 0.000* 
T13 0.682 
L1 0.000* 
L2 0.004* 
L3 0.037* 
L4 0.086 
L5 0.022* 
L6 0.105 
S1 0.042* 
      *statistically significant at the 0.05 level 
Table 4.50: Chi-square results for 
osteoporosis at T7 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.000* 
C2 0.212 
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C3 0.234 
C4 0.252 
C5 0.222 
C6 0.008* 
C7 0.273 
T1 0.001* 
T2 0.041* 
T3 0.078 
T4 0.026* 
T5 0.013* 
T6 0.000* 
T7 0.000* 
T8 0.000* 
T9 0.000* 
T10 0.000* 
T11 0.000* 
T12 0.000* 
T13 0.544 
L1 0.000* 
L2 0.000* 
L3 0.002* 
L4 0.000* 
L5 0.006* 
L6 0.089 
S1 0.490 
      *statistically significant at the 0.05 level 
Table 4.51: Chi-square results for 
osteoporosis at T8 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.000* 
C2 0.015* 
C3 0.123 
C4 0.004* 
C5 0.219 
C6 0.048* 
C7 0.449 
T1 0.275 
T2 0.189 
T3 0.419 
T4 0.108 
T5 0.021* 
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T6 0.000* 
T7 0.001* 
T8 0.001* 
T9 0.028* 
T10 0.009* 
T11 0.109 
T12 0.000* 
T13 0.321 
L1 0.001* 
L2 0.000* 
L3 0.007* 
L4 0.000* 
L5 0.021* 
L6 0.058 
S1 0.500 
      *statistically significant at the 0.05 level 
Table 4.52: Chi-square results for 
osteoporosis at T9 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.863 
C2 0.064 
C3 0.149 
C4 0.011* 
C5 0.317 
C6 0.141 
C7 0.276 
T1 0.052 
T2 0.779 
T3 0.199 
T4 0.538 
T5 0.055 
T6 0.000* 
T7 0.001* 
T8 0.002* 
T9 0.000* 
T10 0.000* 
T11 0.002* 
T12 0.000* 
T13 0.321 
L1 0.035* 
L2 0.025* 
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L3 0.051 
L4 0.191 
L5 0.117 
L6 0.476 
S1 0.321 
      *statistically significant at the 0.05 level 
Table 4.53: Chi-square results for 
osteoporosis at T10 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.824 
C2 0.580 
C3 0.625 
C4 0.205 
C5 0.479 
C6 0.265 
C7 0.251 
T1 0.040* 
T2 0.392 
T3 0.197 
T4 0.241 
T5 0.230 
T6 0.052 
T7 0.259 
T8 0.007* 
T9 0.018* 
T10 0.016* 
T11 0.098 
T12 0.000* 
T13 0.220 
L1 0.002* 
L2 0.006* 
L3 0.075 
L4 0.023* 
L5 0.251 
L6 0.399 
S1 0.814 
      *statistically significant at the 0.05 level 
Table 4.54: Chi-square results for 
osteoporosis at T11 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
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C1 0.000* 
C2 0.618 
C3 0.805 
C4 0.013* 
C5 0.566 
C6 0.107 
C7 0.232 
T1 0.458 
T2 0.083 
T3 0.005* 
T4 0.105 
T5 0.044* 
T6 0.013* 
T7 0.027* 
T8 0.001* 
T9 0.000* 
T10 0.000* 
T11 0.000* 
T12 0.000* 
T13 0.481 
L1 0.002* 
L2 0.063 
L3 0.153 
L4 0.230 
L5 0.101 
L6 0.610 
S1 0.859 
      *statistically significant at the 0.05 level 
Table 4.55: Chi-square results for 
osteoporosis at T12 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.897 
C2 0.347 
C3 0.077 
C4 0.004* 
C5 0.009* 
C6 0.013* 
C7 0.115 
T1 0.067 
T2 0.048* 
T3 0.009* 
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T4 0.042* 
T5 0.005* 
T6 0.017* 
T7 0.026* 
T8 0.002* 
T9 0.010* 
T10 0.007* 
T11 0.003* 
T12 0.000* 
T13 0.572 
L1 0.000* 
L2 0.001* 
L3 0.001* 
L4 0.028* 
L5 0.006* 
L6 0.697 
S1 0.830 
      *statistically significant at the 0.05 level 
Table 4.56: Chi-square results for 
osteoporosis at T13 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 0.392 
C3 0.384 
C4 0.238 
C5 0.238 
C6 0.384 
C7 - 
T1 0.287 
T2 0.549 
T3 0.549 
T4 0.070 
T5 0.136 
T6 0.155 
T7 0.277 
T8 0.587 
T9 0.558 
T10 0.481 
T11 0.558 
T12 0.301 
T13 0.481 
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L1 0.323 
L2 0.481 
L3 0.323 
L4 0.705 
L5 0.238 
L6 - 
S1 0.323 
      *statistically significant at the 0.05 level 
Table 4.57: Chi-square results for 
osteoporosis at L1 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.947 
C2 0.043* 
C3 0.018* 
C4 0.050* 
C5 0.063 
C6 0.075 
C7 0.112 
T1 0.128 
T2 0.306 
T3 0.197 
T4 0.010* 
T5 0.001* 
T6 0.001* 
T7 0.000* 
T8 0.000* 
T9 0.001* 
T10 0.004* 
T11 0.000* 
T12 0.000* 
T13 0.494 
L1 0.000* 
L2 0.000* 
L3 0.000* 
L4 0.000* 
L5 0.000* 
L6 0.307 
S1 0.131 
      *statistically significant at the 0.05 level 
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Table 4.58: Chi-square results for 
osteoporosis at L2 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.947 
C2 0.070 
C3 0.022* 
C4 0.096 
C5 0.511 
C6 0.471 
C7 0.168 
T1 0.379 
T2 0.603 
T3 0.624 
T4 0.818 
T5 0.751 
T6 0.398 
T7 0.570 
T8 0.410 
T9 0.344 
T10 0.012* 
T11 0.029* 
T12 0.035* 
T13 0.609 
L1 0.004* 
L2 0.000* 
L3 0.004* 
L4 0.862 
L5 0.327 
L6 0.644 
S1 0.241 
      *statistically significant at the 0.05 level 
Table 4.59: Chi-square results for 
osteoporosis at L3 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.955 
C2 0.968 
C3 0.124 
C4 0.002* 
C5 0.010* 
C6 0.011* 
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C7 0.015* 
T1 0.325 
T2 0.003* 
T3 0.851 
T4 0.238 
T5 0.479 
T6 0.095 
T7 0.205 
T8 0.272 
T9 0.237 
T10 0.057 
T11 0.000* 
T12 0.005* 
T13 0.494 
L1 0.008* 
L2 0.007* 
L3 0.000* 
L4 0.697 
L5 0.803 
L6 0.548 
S1 0.236 
      *statistically significant at the 0.05 level 
Table 4.60: Chi-square results for 
osteoporosis at L4 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.961 
C2 0.528 
C3 0.142 
C4 0.012* 
C5 0.150 
C6 0.036* 
C7 0.034* 
T1 0.010* 
T2 0.216 
T3 0.427 
T4 0.350 
T5 0.562 
T6 0.095 
T7 0.317 
T8 0.031* 
T9 0.344 
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T10 0.807 
T11 0.364 
T12 0.359 
T13 0.464 
L1 0.021* 
L2 0.032* 
L3 0.000* 
L4 0.000* 
L5 0.010* 
L6 0.200 
S1 0.261 
      *statistically significant at the 0.05 level 
Table 4.61: Chi-square results for 
osteoporosis at L5 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.915 
C2 0.067 
C3 0.048* 
C4 0.036* 
C5 0.004* 
C6 0.511 
C7 0.680 
T1 0.000* 
T2 0.285 
T3 0.540 
T4 0.140 
T5 0.575 
T6 0.862 
T7 0.802 
T8 0.691 
T9 0.674 
T10 0.534 
T11 0.497 
T12 0.115 
T13 0.350 
L1 0.031* 
L2 0.157 
L3 0.104 
L4 0.002* 
L5 0.000* 
L6 0.161 
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S1 0.001* 
      *statistically significant at the 0.05 level 
Table 4.62: Chi-square results for 
osteoporosis at L6 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 0.641 
C3 0.596 
C4 0.615 
C5 0.737 
C6 0.174 
C7 0.953 
T1 0.615 
T2 0.926 
T3 0.363 
T4 0.424 
T5 0.155 
T6 0.349 
T7 0.174 
T8 0.079 
T9 0.134 
T10 0.632 
T11 0.530 
T12 0.717 
T13 - 
L1 0.641 
L2 0.092 
L3 0.044* 
L4 0.061 
L5 0.926 
L6 0.174 
S1 0.530 
      *statistically significant at the 0.05 level 
Table 4.63: Chi-square results for 
osteoporosis and spondylolysis for vertebra 
T1-L6. 
Vertebrae p-values 
T1 0.672 
T2 0.707 
T3 0.285 
T4 0.018* 
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T5 0.864 
T6 0.603 
T7 0.910 
T8 0.175 
T9 0.607 
T10 0.003* 
T11 0.142 
T12 0.462 
T13 - 
L1 0.004* 
L2 0.178 
L3 0.134 
L4 0.004* 
L5 0.000* 
L6 0.169 
     *statistically significant at the 0.05 level 
Table 4.64: Chi-square results for 
osteoporosis and spondylolisthesis for 
vertebra T1-L6. 
Vertebrae p-values 
T1 0.028* 
T2 0.410 
T3 0.127 
T4 0.779 
T5 0.155 
T6 0.836 
T7 0.085 
T8 0.315 
T9 0.547 
T10 0.595 
T11 0.723 
T12 0.839 
T13 0.223 
L1 0.891 
L2 0.416 
L3 0.216 
L4 0.921 
L5 0.007* 
L6 0.167 
      *statistically significant at the 0.05 level 
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Table 4.65: Chi-square results for 
osteoarthritis and spondylolisthesis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.672 
C2 0.185 
C3 0.074 
C4 0.207 
C5 0.065 
C6 0.616 
C7 0.004* 
T1 0.006* 
T2 0.054 
T3 0.127 
T4 0.103 
T5 0.003* 
T6 0.009* 
T7 0.615 
T8 0.181 
T9 0.006* 
T10 0.140 
T11 0.181 
T12 0.299 
T13 0.439 
L1 1.000 
L2 0.631 
L3 0.014* 
L4 0.000* 
L5 0.000* 
L6 0.054 
S1 0.001* 
      *statistically significant at the 0.05 level 
Table 4.66: Chi-square results for 
osteoarthritis and spondylolysis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.537 
C2 0.802 
C3 0.300 
C4 0.831 
C5 0.400 
C6 0.060 
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C7 0.227 
T1 0.454 
T2 0.793 
T3 0.778 
T4 0.379 
T5 0.621 
T6 0.901 
T7 0.999 
T8 0.944 
T9 0.563 
T10 0.877 
T11 0.816 
T12 0.655 
T13 - 
L1 0.115 
L2 0.188 
L3 0.734 
L4 0.070 
L5 0.219 
L6 0.586 
S1 0.943 
      *statistically significant at the 0.05 level 
Table 4.67: Chi-square results for 
spondylolysis and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.743 
C2 0.813 
C3 0.303 
C4 0.149 
C5 0.115 
C6 0.564 
C7 0.094 
T1 0.004* 
T2 0.039* 
T3 0.206 
T4 0.081 
T5 0.054 
T6 0.086 
T7 0.289 
T8 0.277 
T9 0.312 
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T10 0.102 
T11 0.479 
T12 0.269 
T13 - 
L1 0.139 
L2 0.398 
L3 0.592 
L4 0.209 
L5 0.177 
L6 0.375 
S1 0.107 
      *statistically significant at the 0.05 level 
Table 4.68: Chi-square results for spondylolysis and Schmorl’s 
nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.743 0.743 
C2 0.747 0.369 
C3 0.568 0.146 
C4 0.684 0.019* 
C5 0.686 0.537 
C6 0.027* 0.381 
C7 0.502 0.780 
T1 0.728 0.503 
T2 0.324 0.621 
T3 0.198 0.195 
T4 0.142 0.034* 
T5 0.001* 0.466 
T6 0.018* 0.814 
T7 0.095 0.363 
T8 0.250 0.447 
T9 0.005* 0.084 
T10 0.011* 0.068 
T11 0.000* 0.091 
T12 0.000* 0.258 
T13 - - 
L1 0.013* 0.105 
L2 0.098 0.032* 
L3 0.374 0.265 
L4 0.026* 0.044* 
L5 0.209 0.449 
L6 0.657 - 
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S1 0.078 - 
          *statistically significant at the 0.05 level 
Table 4.69: Chi-square results for 
spondylolysis and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.738 
C4 0.746 
C5 0.199 
C6 0.279 
C7 0.231 
T1 0.818 
T2 0.045* 
T3 0.358 
T4 0.835 
T5 0.216 
T6 0.199 
T7 0.358 
T8 0.348 
T9 0.381 
T10 0.418 
T11 0.379 
T12 0.159 
T13 - 
L1 0.561 
L2 0.396 
L3 0.322 
L4 0.822 
L5 0.009* 
L6 0.569 
S1 0.162 
      *statistically significant at the 0.05 level 
Table 4.70: Chi-square results for 
spondylolisthesis and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.115 
C4 0.406 
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C5 0.304 
C6 0.361 
C7 0.750 
T1 0.302 
T2 0.220 
T3 0.806 
T4 0.761 
T5 0.129 
T6 0.675 
T7 0.335 
T8 0.814 
T9 0.705 
T10 0.407 
T11 0.04* 
T12 0.826 
T13 0.025* 
L1 0.725 
L2 0.359 
L3 0.067 
L4 0.683 
L5 0.281 
L6 0.326 
S1 0.273 
      *statistically significant at the 0.05 level 
Table 4.71: Chi-square results for spondylolisthesis and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.737 0.737 
C2 0.735 0.791 
C3 0.837 0.024* 
C4 0.666 0.965 
C5 0.883 0.606 
C6 0.770 0.287 
C7 0.613 0.404 
T1 0.129 0.873 
T2 0.748 0.679 
T3 0.798 0.729 
T4 0.809 0.191 
T5 0.197 0.042* 
T6 0.016* 0.940 
T7 0.629 0.350 
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T8 0.607 0.597 
T9 0.809 0.430 
T10 0.266 0.878 
T11 0.931 0.396 
T12 0.892 0.918 
T13 0.472 0.687 
L1 0.354 0.427 
L2 0.182 0.951 
L3 0.379 0.561 
L4 0.427 0.611 
L5 0.096 0.072 
L6 0.657 - 
S1 0.482 - 
          *statistically significant at the 0.05 level 
Table 4.72. Chi-squared results for 
spondylolisthesis and spondylolysis.  
p-value 0.821 
      *statistically significant at the 0.05 level 
Table 4.73: Chi-square results for osteoporosis for T1 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.959 0.158 
C2 0.204 0.951 
C3 0.976 0.197 
C4 0.970 0.986 
C5 0.746 0.688 
C6 0.277 0.304 
C7 0.172 0.473 
T1 0.869 0.222 
T2 0.954 0.670 
T3 0.367 0.709 
T4 0.930 0.726 
T5 0.989 0.753 
T6 0.671 0.311 
T7 0.708 0.566 
T8 0.677 0.651 
T9 0.239 0.878 
T10 0.923 0.449 
T11 0.854 0.436 
T12 0.002* 0.617 
T13 - - 
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L1 0.628 0.677 
L2 0.896 0.957 
L3 0.818 0.991 
L4 0.928 0.863 
L5 0.990 0.599 
L6 0.057 - 
S1 0.425 - 
          *statistically significant at the 0.05 level 
Table 4.74: Chi-square results for osteoporosis for T2 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.149 0.149 
C2 0.139 0.729 
C3 0.758 0.520 
C4 0.988 0.998 
C5 0.997 0.780 
C6 0.982 0.974 
C7 0.926 0.982 
T1 0.992 0.969 
T2 0.000* 0.163 
T3 0.001* 0.028* 
T4 0.193 0.952 
T5 0.826 0.618 
T6 0.635 0.291 
T7 0.023* 0.615 
T8 0.853 0.000* 
T9 0.807 0.110 
T10 0.555 0.047* 
T11 0.159 0.211 
T12 0.588 0.072 
T13 0.741 0.301 
L1 0.655 0.451 
L2 0.378 0.372 
L3 0.096 0.963 
L4 0.222 0.963 
L5 0.957 0.733 
L6 0.657 - 
S1 0.842 - 
          *statistically significant at the 0.05 level 
Table 4.75: Chi-square results for osteoporosis for T3 and 
Schmorl’s nodes for vertebra C1-S1 
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Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.233 0.233 
C2 0.229 0.735 
C3 0.069 0.581 
C4 0.957 0.930 
C5 0.982 0.660 
C6 0.957 0.968 
C7 0.750 0.977 
T1 0.891 0.317 
T2 0.000* 0.474 
T3 0.028* 0.000* 
T4 0.470 0.806 
T5 0.558 0.267 
T6 0.139 0.577 
T7 0.463 0.507 
T8 0.902 0.000* 
T9 0.908 0.029* 
T10 0.498 0.126 
T11 0.069 0.441 
T12 0.341 0.200 
T13 0.741 0.301 
L1 0.502 0.841 
L2 0.681 0.000* 
L3 0.069 0.763 
L4 0.525 0.904 
L5 0.905 0.334 
L6 0.569 - 
S1 0.218 - 
          *statistically significant at the 0.05 level 
Table 4.76: Chi-square results for osteoporosis for T4 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.233 0.233 
C2 0.229 0.735 
C3 0.069 0.581 
C4 0.957 0.930 
C5 0.982 0.660 
C6 0.957 0.968 
C7 0.750 0.977 
T1 0.891 0.317 
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T2 0.000* 0.474 
T3 0.028* 0.000* 
T4 0.470 0.806 
T5 0.558 0.267 
T6 0.139 0.577 
T7 0.463 0.507 
T8 0.902 0.000* 
T9 0.908 0.029* 
T10 0.498 0.126 
T11 0.069 0.441 
T12 0.341 0.200 
T13 0.741 0.301 
L1 0.502 0.841 
L2 0.681 0.000* 
L3 0.069 0.763 
L4 0.525 0.904 
L5 0.905 0.334 
L6 0.569 - 
S1 0.218 - 
          *statistically significant at the 0.05 level 
Table 4.77: Chi-square results for osteoporosis for T5 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.304 0.304 
C2 0.310 0.714 
C3 0.786 0.851 
C4 0.980 0.730 
C5 0.368 0.661 
C6 0.894 0.751 
C7 0.944 0.921 
T1 0.935 0.991 
T2 0.959 0.859 
T3 0.918 0.007* 
T4 0.046* 0.791 
T5 0.120 0.111 
T6 0.212 0.161 
T7 0.548 0.246 
T8 0.416 0.391 
T9 0.401 0.022* 
T10 0.348 0.080 
T11 0.138 0.141 
 103 
T12 0.467 0.099 
T13 0.472 0.153 
L1 0.624 0.788 
L2 0.816 0.653 
L3 0.302 0.981 
L4 0.612 0.668 
L5 0.898 0.222 
L6 0.657 - 
S1 0.361 - 
          *statistically significant at the 0.05 level 
Table 4.78: Chi-square results for osteoporosis for T6 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.257 0.257 
C2 0.276 0.820 
C3 0.170 0.851 
C4 0.529 0.894 
C5 0.472 0.923 
C6 0.668 0.407 
C7 0.808 0.948 
T1 0.832 0.518 
T2 0.535 0.182 
T3 0.100 0.008* 
T4 0.529 0.073 
T5 0.090 0.373 
T6 0.259 0.027* 
T7 0.506 0.005* 
T8 0.022* 0.124 
T9 0.091 0.018* 
T10 0.037* 0.002* 
T11 0.031* 0.001* 
T12 0.038* 0.013* 
T13 0.472 0.153 
L1 0.420 0.273 
L2 0.346 0.535 
L3 0.271 0.876 
L4 0.469 0.704 
L5 0.493 0.032* 
L6 0.786 - 
S1 0.184 - 
          *statistically significant at the 0.05 level 
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Table 4.79: Chi-square results for osteoporosis for T7 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.888 0.219 
C2 0.227 0.297 
C3 0.442 0.383 
C4 0.890 0.984 
C5 0.450 0.902 
C6 0.758 0.543 
C7 0.248 0.575 
T1 0.386 0.646 
T2 0.582 0.490 
T3 0.409 0.51 
T4 0.167 0.631 
T5 0.276 0.005* 
T6 0.355 0.018* 
T7 0.053 0.016* 
T8 0.035* 0.002* 
T9 0.048* 0.000* 
T10 0.015* 0.015* 
T11 0.290 0.016* 
T12 0.649 0.148 
T13 0.558 0.384 
L1 0.002* 0.110 
L2 0.115 0.694 
L3 0.171 0.478 
L4 0.481 0.616 
L5 0.533 0.007* 
L6 0.713 - 
S1 0.068 - 
          *statistically significant at the 0.05 level 
Table 4.80: Chi-square results for osteoporosis for T8 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.832 0.368 
C2 0.349 0.532 
C3 0.005* 0.488 
C4 0.664 0.705 
C5 0.483 0.588 
C6 0.782 0.549 
 105 
C7 0.795 0.826 
T1 0.961 0.698 
T2 0.699 0.457 
T3 0.014* 0.014* 
T4 0.696 0.162 
T5 0.294 0.411 
T6 0.110 0.009* 
T7 0.700 0.008* 
T8 0.125 0.098 
T9 0.314 0.001* 
T10 0.158 0.033* 
T11 0.199 0.105 
T12 0.053 0.475 
T13 0.136 0.384 
L1 0.082 0.114 
L2 0.566 0.944 
L3 0.145 0.233 
L4 0.137 0.558 
L5 0.760 0.172 
L6 0.307 - 
S1 0.031* - 
          *statistically significant at the 0.05 level 
Table 4.81: Chi-square results for osteoporosis for T9 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.501 0.501 
C2 0.481 0.615 
C3 0.396 0.480 
C4 0.316 0.230 
C5 0.735 0.951 
C6 0.422 0.596 
C7 0.731 0.644 
T1 0.985 0.146 
T2 0.159 0.308 
T3 0.475 0.023* 
T4 0.732 0.546 
T5 0.498 0.528 
T6 0.429 0.587 
T7 0.518 0.093 
T8 0.222 0.077 
T9 0.243 0.001* 
 106 
T10 0.014* 0.001* 
T11 0.103 0.119 
T12 0.249 0.054 
T13 0.136 0.384 
L1 0.000* 0.059 
L2 0.040* 0.864 
L3 0.761 0.940 
L4 0.185 0.956 
L5 0.233 0.000* 
L6 0.296 - 
S1 0.188 - 
          *statistically significant at the 0.05 level 
Table 4.82: Chi-square results for osteoporosis for T10 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.639 0.639 
C2 0.628 0.482 
C3 0.560 0.735 
C4 0.138 0.108 
C5 0.802 0.229 
C6 0.214 0.921 
C7 0.630 0.822 
T1 0.921 0.055 
T2 0.106 0.074 
T3 0.269 0.007* 
T4 0.797 0.853 
T5 0.111 0.509 
T6 0.437 0.159 
T7 0.080 0.470 
T8 0.905 0.448 
T9 0.555 0.017* 
T10 0.077 0.000* 
T11 0.013* 0.012* 
T12 0.086 0.026* 
T13 0.173 0.136 
L1 0.001* 0.020* 
L2 0.246 0.036* 
L3 0.152 0.605 
L4 0.006* 0.776 
L5 0.406 0.427 
L6 0.051 - 
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S1 0.194 - 
          *statistically significant at the 0.05 level 
Table 4.83: Chi-square results for osteoporosis for T11 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.497 0.497 
C2 0.505 0.852 
C3 0.406 0.458 
C4 0.002* 0.000* 
C5 0.029* 0.024* 
C6 0.000* 0.181 
C7 0.086 0.896 
T1 0.239 0.021* 
T2 0.134 0.006* 
T3 0.105 0.000* 
T4 0.178 0.679 
T5 0.037* 0.206 
T6 0.764 0.627 
T7 0.929 0.145 
T8 0.497 0.931 
T9 0.948 0.120 
T10 0.123 0.017* 
T11 0.000* 0.025* 
T12 0.117 0.097 
T13 0.558 0.017* 
L1 0.000* 0.171 
L2 0.848 0.185 
L3 0.324 0.988 
L4 0.056 0.968 
L5 0.885 0.718 
L6 0.713 - 
S1 0.625 - 
          *statistically significant at the 0.05 level 
Table 4.84: Chi-square results for osteoporosis for T12 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.897 0.342 
C2 0.362 0.847 
C3 0.096 0.399 
C4 0.003* 0.000* 
 108 
C5 0.001* 0.008* 
C6 0.000* 0.003* 
C7 0.000* 0.691 
T1 0.560 0.850 
T2 0.632 0.280 
T3 0.246 0.003* 
T4 0.520 0.880 
T5 0.675 0.124 
T6 0.022* 0.468 
T7 0.594 0.633 
T8 0.304 0.659 
T9 0.250 0.014* 
T10 0.115 0.103 
T11 0.019* 0.000* 
T12 0.001* 0.003* 
T13 0.223 0.050* 
L1 0.000* 0.003* 
L2 0.008* 0.047* 
L3 0.174 0.615 
L4 0.806 0.812 
L5 0.941 0.779 
L6 0.065 - 
S1 0.165 - 
          *statistically significant at the 0.05 level 
Table 4.85: Chi-square results for osteoporosis for L1 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.947 0.019* 
C2 0.026* 0.681 
C3 0.013* 0.132 
C4 0.035* 0.000* 
C5 0.253 0.103 
C6 0.001* 0.162 
C7 0.158 0.021* 
T1 0.202 0.059 
T2 0.063 0.960 
T3 0.908 0.035* 
T4 0.181 0.178 
T5 0.335 0.079 
T6 0.003* 0.605 
T7 0.039* 0.149 
 109 
T8 0.251 0.890 
T9 0.509 0.028* 
T10 0.204 0.000* 
T11 0.000* 0.149 
T12 0.304 0.000* 
T13 0.741 0.050* 
L1 0.000* 0.027* 
L2 0.050* 0.051 
L3 0.171 0.414 
L4 0.084 0.217 
L5 0.932 0.421 
L6 0.786 - 
S1 0.828 - 
          *statistically significant at the 0.05 level 
Table 4.86: Chi-square results for osteoporosis for L2 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.302 0.000* 
C2 0.000* 0.960 
C3 0.615 0.007* 
C4 0.724 0.940 
C5 0.853 0.924 
C6 0.936 0.376 
C7 0.388 0.007* 
T1 0.511 0.069 
T2 0.352 0.621 
T3 0.991 0.162 
T4 0.412 0.273 
T5 0.750 0.422 
T6 0.529 0.600 
T7 0.005* 0.051 
T8 0.817 0.459 
T9 0.406 0.655 
T10 0.368 0.000* 
T11 0.000* 0.451 
T12 0.444 0.068 
T13 0.827 0.136 
L1 0.047* 0.000* 
L2 0.000* 0.038* 
L3 0.016* 0.350 
L4 0.897 0.896 
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L5 0.197 0.492 
L6 0.850 - 
S1 0.893 - 
          *statistically significant at the 0.05 level 
Table 4.87: Chi-square results for osteoporosis for L3 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.229 0.955 
C2 0.957 0.805 
C3 0.934 0.000* 
C4 0.000* 0.072 
C5 0.060 0.529 
C6 0.725 0.096 
C7 0.013* 0.000* 
T1 0.661 0.244 
T2 0.083 0.708 
T3 0.787 0.412 
T4 0.590 0.374 
T5 0.429 0.216 
T6 0.170 0.977 
T7 0.269 0.761 
T8 0.613 0.804 
T9 0.047* 0.763 
T10 0.400 0.000* 
T11 0.001* 0.577 
T12 0.098 0.001* 
T13 0.741 0.549 
L1 0.095 0.009* 
L2 0.006* 0.319 
L3 0.138 0.029* 
L4 0.950 0.448 
L5 0.458 0.760 
L6 0.569 - 
S1 0.927 - 
          *statistically significant at the 0.05 level 
Table 4.88: Chi-square results for osteoporosis for L4 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.217 0.961 
C2 0.963 0.819 
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C3 0.606 0.000* 
C4 0.989 0.753 
C5 0.627 0.991 
C6 0.307 0.132 
C7 0.374 0.780 
T1 0.761 0.763 
T2 0.914 0.265 
T3 0.360 0.620 
T4 0.005* 0.181 
T5 0.097 0.841 
T6 0.712 0.870 
T7 0.220 0.586 
T8 0.126 0.931 
T9 0.011* 0.281 
T10 0.404 0.249 
T11 0.170 0.194 
T12 0.640 0.171 
T13 0.741 0.301 
L1 0.070 0.401 
L2 0.065 0.198 
L3 0.122 0.000* 
L4 0.000* 0.202 
L5 0.298 0.793 
L6 0.906 - 
S1 0.497 - 
          *statistically significant at the 0.05 level 
Table 4.89: Chi-square results for osteoporosis for L5 and 
Schmorl’s nodes for vertebra C1-S1 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.915 0.915 
C2 0.925 0.516 
C3 0.720 0.003* 
C4 0.476 0.818 
C5 0.349 0.238 
C6 0.233 0.782 
C7 0.435 0.143 
T1 0.015* 0.442 
T2 0.869 0.477 
T3 0.872 0.732 
T4 0.482 0.929 
T5 0.550 0.286 
 112 
T6 0.047* 0.850 
T7 0.371 0.404 
T8 0.264 0.730 
T9 0.424 0.039* 
T10 0.567 0.617 
T11 0.888 0.053 
T12 0.365 0.455 
T13 0.321 0.353 
L1 0.042* 0.500 
L2 0.170 0.090 
L3 0.000* 0.008* 
L4 0.289 0.036* 
L5 0.101 0.000* 
L6 0.411 - 
S1 0.000* - 
          *statistically significant at the 0.05 level 
Table 4.90: Chi-square results for 
osteoporosis at T1 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.397 
C4 0.886 
C5 0.211 
C6 0.761 
C7 0.271 
T1 0.596 
T2 0.386 
T3 0.013* 
T4 0.001* 
T5 0.001* 
T6 0.001* 
T7 0.873 
T8 0.874 
T9 0.912 
T10 0.944 
T11 0.820 
T12 0.711 
T13 - 
L1 0.701 
L2 0.664 
 113 
L3 0.679 
L4 0.599 
L5 0.935 
L6 0.188 
S1 0.673 
      *statistically significant at the 0.05 level 
Table 4.91: Chi-square results for 
osteoporosis at T2 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.222 
C4 0.097 
C5 0.368 
C6 0.043* 
C7 0.769 
T1 0.959 
T2 0.403 
T3 0.008* 
T4 0.000* 
T5 0.000* 
T6 0.000* 
T7 0.578 
T8 0.939 
T9 0.635 
T10 0.692 
T11 0.742 
T12 0.657 
T13 0.025* 
L1 0.186 
L2 0.695 
L3 0.259 
L4 0.537 
L5 0.499 
L6 0.400 
S1 0.499 
      *statistically significant at the 0.05 level 
Table 4.92: Chi-square results for 
osteoporosis at T3 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
 114 
C1 - 
C2 - 
C3 0.369 
C4 0.370 
C5 0.687 
C6 0.745 
C7 0.966 
T1 0.515 
T2 0.833 
T3 0.294 
T4 0.066 
T5 0.972 
T6 0.983 
T7 0.841 
T8 0.512 
T9 0.830 
T10 0.920 
T11 0.879 
T12 0.687 
T13 0.576 
L1 0.118 
L2 0.395 
L3 0.307 
L4 0.470 
L5 0.519 
L6 0.279 
S1 0.048* 
      *statistically significant at the 0.05 level   
Table 4.93: Chi-square results for 
osteoporosis at T4 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.370 
C4 0.687 
C5 0.968 
C6 0.763 
C7 0.740 
T1 0.150 
T2 0.918 
T3 0.505 
 115 
T4 0.781 
T5 0.239 
T6 0.307 
T7 0.302 
T8 0.918 
T9 0.904 
T10 0.863 
T11 0.906 
T12 0.963 
T13 0.025* 
L1 0.006* 
L2 0.017* 
L3 0.365 
L4 0.407 
L5 0.630 
L6 0.569 
S1 0.846 
        *statistically significant at the 0.05 level  
Table 4.94: Chi-square results for 
osteoporosis at T5 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.323 
C4 0.449 
C5 0.360 
C6 0.668 
C7 0.690 
T1 0.079 
T2 0.345 
T3 0.082 
T4 0.365 
T5 0.975 
T6 0.614 
T7 0.683 
T8 0.836 
T9 0.767 
T10 0.843 
T11 0.835 
T12 0.546 
T13 0.171 
 116 
L1 0.010* 
L2 0.158 
L3 0.851 
L4 0.883 
L5 0.445 
L6 0.326 
S1 0.240 
         *statistically significant at the 0.05 level  
Table 4.95: Chi-square results for 
osteoporosis at T6 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.363 
C4 0.891 
C5 0.896 
C6 0.960 
C7 0.829 
T1 0.122 
T2 0.589 
T3 0.093 
T4 0.827 
T5 0.873 
T6 0.913 
T7 0.824 
T8 0.457 
T9 0.671 
T10 0.682 
T11 0.388 
T12 0.040* 
T13 0.171 
L1 0.001* 
L2 0.076 
L3 0.313 
L4 0.670 
L5 0.980 
L6 0.701 
S1 0.270 
         *statistically significant at the 0.05 level  
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Table 4.96: Chi-square results for 
osteoporosis at T7 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.041* 
C4 0.045* 
C5 0.048* 
C6 0.245 
C7 0.720 
T1 0.581 
T2 0.540 
T3 0.108 
T4 0.892 
T5 0.902 
T6 0.874 
T7 0.858 
T8 0.344 
T9 0.570 
T10 0.618 
T11 0.568 
T12 0.099 
T13 0.171 
L1 0.010* 
L2 0.194 
L3 0.481 
L4 0.412 
L5 0.204 
L6 0.672 
S1 0.453 
      *statistically significant at the 0.05 level 
Table 4.97: Chi-square results for 
osteoporosis at T8 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.947 
C4 0.621 
C5 0.801 
C6 0.779 
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C7 0.624 
T1 0.035* 
T2 0.251 
T3 0.081 
T4 0.035* 
T5 0.851 
T6 0.329 
T7 0.229 
T8 0.337 
T9 0.438 
T10 0.080 
T11 0.446 
T12 0.256 
T13 0.392 
L1 0.001* 
L2 0.020* 
L3 0.148 
L4 0.500 
L5 0.194 
L6 0.754 
S1 0.074 
       *statistically significant at the 0.05 level 
Table 4.98: Chi-square results for 
osteoporosis at T9 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.737 
C4 0.649 
C5 0.661 
C6 0.079 
C7 0.847 
T1 0.268 
T2 0.927 
T3 0.321 
T4 0.751 
T5 0.667 
T6 0.719 
T7 0.176 
T8 0.033* 
T9 0.088 
 119 
T10 0.030* 
T11 0.366 
T12 0.143 
T13 0.392 
L1 0.000* 
L2 0.007* 
L3 0.162 
L4 0.433 
L5 0.340 
L6 0.296 
S1 0.411 
       *statistically significant at the 0.05 level 
Table 4.99: Chi-square results for 
osteoporosis at T10 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.233 
C4 0.024* 
C5 0.571 
C6 0.021* 
C7 0.649 
T1 0.973 
T2 0.330 
T3 0.667 
T4 0.872 
T5 0.958 
T6 0.953 
T7 0.772 
T8 0.148 
T9 0.274 
T10 0.464 
T11 0.626 
T12 0.196 
T13 0.659 
L1 0.068 
L2 0.244 
L3 0.119 
L4 0.469 
L5 0.555 
L6 0.672 
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S1 0.986 
       *statistically significant at the 0.05 level 
Table 4.100: Chi-square results for 
osteoporosis at T11 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.836 
C4 0.401 
C5 0.119 
C6 0.603 
C7 0.612 
T1 0.416 
T2 0.112 
T3 0.062 
T4 0.736 
T5 0.368 
T6 0.786 
T7 0.420 
T8 0.223 
T9 0.428 
T10 0.254 
T11 0.428 
T12 0.530 
T13 0.392 
L1 0.055 
L2 0.318 
L3 0.503 
L4 0.134 
L5 0.933 
L6 0.188 
S1 0.467 
       *statistically significant at the 0.05 level 
Table 4.101: Chi-square results for 
osteoporosis at T12 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.456 
C4 0.289 
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C5 0.963 
C6 0.585 
C7 0.390 
T1 0.613 
T2 0.231 
T3 0.224 
T4 0.948 
T5 0.704 
T6 0.862 
T7 0.991 
T8 0.350 
T9 0.008* 
T10 0.006* 
T11 0.008* 
T12 0.318 
T13 0.361 
L1 0.246 
L2 0.410 
L3 0.757 
L4 0.440 
L5 0.750 
L6 0.549 
S1 0.798 
      *statistically significant at the 0.05 level 
Table 4.102: Chi-square results for 
osteoporosis at T13 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.513 
C4 - 
C5 - 
C6 - 
C7 - 
T1 0.223 
T2 0.050* 
T3 0.687 
T4 - 
T5 0.549 
T6 - 
T7 - 
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T8 - 
T9 - 
T10 - 
T11 - 
T12 - 
T13 0.361 
L1 0.549 
L2 0.687 
L3 0.223 
L4 0.549 
L5 0.549 
L6 0.189 
S1 - 
         *statistically significant at the 0.05 level 
Table 4.103: Chi-square results for 
osteoporosis at L1 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.192 
C4 0.741 
C5 0.444 
C6 0.893 
C7 0.440 
T1 0.823 
T2 0.197 
T3 0.419 
T4 0.740 
T5 0.703 
T6 0.823 
T7 0.630 
T8 0.326 
T9 0.157 
T10 0.104 
T11 0.000* 
T12 0.517 
T13 0.576 
L1 0.019* 
L2 0.234 
L3 0.011* 
L4 0.089 
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L5 0.505 
L6 0.120 
S1 0.427 
         *statistically significant at the 0.05 level 
Table 4.104: Chi-square results for 
osteoporosis at L2 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.557 
C4 0.042* 
C5 0.773 
C6 0.707 
C7 0.844 
T1 0.212 
T2 0.224 
T3 0.743 
T4 0.641 
T5 0.243 
T6 0.863 
T7 0.378 
T8 0.027* 
T9 0.645 
T10 0.557 
T11 0.649 
T12 0.528 
T13 0.576 
L1 0.375 
L2 0.576 
L3 0.296 
L4 0.517 
L5 0.488 
L6 0.557 
S1 0.584 
         *statistically significant at the 0.05 level 
Table 4.105: Chi-square results for 
osteoporosis at L3 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
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C3 0.036* 
C4 0.032* 
C5 0.623 
C6 0.011* 
C7 0.000* 
T1 0.157 
T2 0.285 
T3 0.347 
T4 0.565 
T5 0.234 
T6 0.566 
T7 0.216 
T8 0.001* 
T9 0.001* 
T10 0.151 
T11 0.191 
T12 0.003* 
T13 - 
L1 0.008* 
L2 0.014* 
L3 0.785 
L4 0.131 
L5 0.590 
L6 0.326 
S1 0.812 
         *statistically significant at the 0.05 level 
Table 4.106: Chi-square results for 
osteoporosis at L4 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.364 
C4 0.371 
C5 0.399 
C6 0.567 
C7 0.652 
T1 0.731 
T2 0.681 
T3 0.858 
T4 0.839 
T5 0.641 
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T6 0.862 
T7 0.904 
T8 0.906 
T9 0.941 
T10 0.634 
T11 0.844 
T12 0.845 
T13 0.025* 
L1 0.437 
L2 0.994 
L3 0.918 
L4 0.473 
L5 0.216 
L6 0.701 
S1 0.725 
         *statistically significant at the 0.05 level 
Table 4.107: Chi-square results for 
osteoporosis at L5 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.258 
C4 0.584 
C5 0.836 
C6 0.109 
C7 0.928 
T1 0.572 
T2 0.452 
T3 0.291 
T4 0.493 
T5 0.290 
T6 0.274 
T7 0.807 
T8 0.844 
T9 0.759 
T10 0.791 
T11 0.216 
T12 0.255 
T13 0.172 
L1 0.115 
L2 0.534 
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L3 0.087 
L4 0.173 
L5 0.092 
L6 0.416 
S1 0.720 
         *statistically significant at the 0.05 level 
Table 4.108: Chi-square results for 
osteoporosis at L6 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.315 
C4 0.169 
C5 0.827 
C6 - 
C7 - 
T1 0.368 
T2 0.315 
T3 0.827 
T4 - 
T5 - 
T6 - 
T7 - 
T8 - 
T9 - 
T10 - 
T11 - 
T12 - 
T13 - 
L1 - 
L2 - 
L3 0.264 
L4 0.264 
L5 0.264 
L6 0.350 
S1 0.368 
      *statistically significant at the 0.05 level 
Table 4.109: Chi-square results for 
osteoarthritis at C1 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
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C1 0.510 
C2 0.031* 
C3 0.000* 
C4 0.031* 
C5 0.027* 
C6 0.010* 
C7 0.027* 
T1 0.000* 
T2 0.138 
T3 0.047* 
T4 0.063 
T5 0.375 
T6 0.084 
T7 0.035* 
T8 0.062 
T9 0.040* 
T10 0.136 
T11 0.262 
T12 0.001* 
T13 - 
L1 0.002* 
L2 0.006* 
L3 0.032* 
L4 0.010* 
L5 0.006* 
L6 0.267 
S1 0.076 
      *statistically significant at the 0.05 level 
Table 4.110: Chi-square results for 
osteoarthritis at C2 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.862 
C2 0.000* 
C3 0.000* 
C4 0.000* 
C5 0.000* 
C6 0.001* 
C7 0.006* 
T1 0.002* 
T2 0.001* 
T3 0.011* 
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T4 0.001* 
T5 0.029* 
T6 0.011* 
T7 0.048* 
T8 0.020* 
T9 0.007* 
T10 0.005* 
T11 0.012* 
T12 0.000* 
T13 0.112 
L1 0.000* 
L2 0.000* 
L3 0.000* 
L4 0.000* 
L5 0.000* 
L6 0.037* 
S1 0.015* 
      *statistically significant at the 0.05 level 
Table 4.111: Chi-square results for 
osteoarthritis at C3 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.836 
C2 0.000* 
C3 0.000* 
C4 0.000* 
C5 0.000* 
C6 0.000* 
C7 0.000* 
T1 0.003* 
T2 0.000* 
T3 0.000* 
T4 0.005* 
T5 0.060* 
T6 0.001* 
T7 0.073 
T8 0.004* 
T9 0.000* 
T10 0.001* 
T11 0.001* 
T12 0.001* 
T13 0.290 
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L1 0.003* 
L2 0.000* 
L3 0.000* 
L4 0.010* 
L5 0.004* 
L6 0.206 
S1 0.058 
      *statistically significant at the 0.05 level 
Table 4.112: Chi-square results for 
osteoarthritis at C4 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.855 
C2 0.004* 
C3 0.006* 
C4 0.000* 
C5 0.000* 
C6 0.000* 
C7 0.000* 
T1 0.001* 
T2 0.002* 
T3 0.007* 
T4 0.004* 
T5 0.023* 
T6 0.006* 
T7 0.003* 
T8 0.001* 
T9 0.000* 
T10 0.041* 
T11 0.034* 
T12 0.001* 
T13 0.147 
L1 0.002* 
L2 0.000* 
L3 0.007* 
L4 0.007* 
L5 0.007* 
L6 0.362 
S1 0.133 
      *statistically significant at the 0.05 level 
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Table 4.113: Chi-square results for 
osteoarthritis at C5 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.894 
C2 0.030* 
C3 0.007* 
C4 0.000* 
C5 0.000* 
C6 0.000* 
C7 0.000* 
T1 0.033* 
T2 0.012* 
T3 0.088 
T4 0.017* 
T5 0.120 
T6 0.072 
T7 0.001* 
T8 0.005* 
T9 0.000* 
T10 0.065 
T11 0.238 
T12 0.105 
T13 0.220 
L1 0.022* 
L2 0.000* 
L3 0.026* 
L4 0.004* 
L5 0.035* 
L6 0.224 
S1 0.084 
      *statistically significant at the 0.05 level 
Table 4.114: Chi-square results for 
osteoarthritis at C6 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.936 
C2 0.001* 
C3 0.001* 
C4 0.000* 
C5 0.000* 
C6 0.000* 
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C7 0.000* 
T1 0.016* 
T2 0.029* 
T3 0.183 
T4 0.006* 
T5 0.163 
T6 0.099 
T7 0.012* 
T8 0.072 
T9 0.002* 
T10 0.023* 
T11 0.010* 
T12 0.001* 
T13 0.238 
L1 0.000* 
L2 0.000* 
L3 0.010* 
L4 0.001* 
L5 0.052 
L6 0.193 
S1 0.105 
      *statistically significant at the 0.05 level 
Table 4.115: Chi-square results for 
osteoarthritis at C7 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.904 
C2 0.084 
C3 0.010* 
C4 0.009* 
C5 0.006* 
C6 0.000* 
C7 0.000* 
T1 0.025* 
T2 0.027* 
T3 0.013* 
T4 0.000* 
T5 0.005* 
T6 0.005* 
T7 0.115 
T8 0.009* 
T9 0.000* 
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T10 0.000* 
T11 0.010* 
T12 0.001* 
T13 0.423 
L1 0.008* 
L2 0.100 
L3 0.059 
L4 0.000* 
L5 0.000* 
L6 0.103 
S1 0.012* 
        *statistically significant at the 0.05 level 
Table 4.116: Chi-square results for 
osteoarthritis at T1 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.000* 
C2 0.119 
C3 0.030* 
C4 0.012* 
C5 0.002* 
C6 0.001* 
C7 0.004* 
T1 0.009* 
T2 0.008* 
T3 0.112 
T4 0.004* 
T5 0.059 
T6 0.415 
T7 0.132 
T8 0.131 
T9 0.024* 
T10 0.079 
T11 0.000* 
T12 0.014* 
T13 0.261 
L1 0.031* 
L2 0.037* 
L3 0.084 
L4 0.052 
L5 0.011* 
L6 0.092 
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S1 0.470 
      *statistically significant at the 0.05 level 
Table 4.117: Chi-square results for 
osteoarthritis at T2 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.359 
C2 0.049* 
C3 0.026* 
C4 0.098 
C5 0.049* 
C6 0.010* 
C7 0.001* 
T1 0.007* 
T2 0.002* 
T3 0.185 
T4 0.013* 
T5 0.027* 
T6 0.108 
T7 0.130 
T8 0.028* 
T9 0.007* 
T10 0.030* 
T11 0.039* 
T12 0.000* 
T13 0.609 
L1 0.002* 
L2 0.160 
L3 0.688 
L4 0.081 
L5 0.004* 
L6 0.241 
S1 0.069 
      *statistically significant at the 0.05 level 
Table 4.118: Chi-square results for 
osteoarthritis at T3 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.052 
C2 0.009* 
C3 0.636 
C4 0.110 
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C5 0.372 
C6 0.017* 
C7 0.016* 
T1 0.000* 
T2 0.000* 
T3 0.010* 
T4 0.016* 
T5 0.068 
T6 0.019* 
T7 0.038* 
T8 0.003* 
T9 0.017* 
T10 0.173 
T11 0.068 
T12 0.021* 
T13 0.220 
L1 0.105 
L2 0.248 
L3 0.913 
L4 0.672 
L5 0.216 
L6 0.276 
S1 0.473 
      *statistically significant at the 0.05 level 
Table 4.119: Chi-square results for 
osteoarthritis at T4 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.551 
C2 0.028* 
C3 0.064 
C4 0.380 
C5 0.226 
C6 0.052 
C7 0.071 
T1 0.020* 
T2 0.001* 
T3 0.000* 
T4 0.000* 
T5 0.000* 
T6 0.003* 
T7 0.002* 
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T8 0.000* 
T9 0.005* 
T10 0.001* 
T11 0.007* 
T12 0.006* 
T13 0.572 
L1 0.002* 
L2 0.034* 
L3 0.091 
L4 0.331 
L5 0.083 
L6 0.681 
S1 0.525 
      *statistically significant at the 0.05 level 
Table 4.120: Chi-square results for 
osteoarthritis at T5 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.448 
C2 0.011* 
C3 0.014* 
C4 0.756 
C5 0.101 
C6 0.003* 
C7 0.231 
T1 0.013* 
T2 0.000* 
T3 0.000* 
T4 0.000* 
T5 0.000* 
T6 0.000* 
T7 0.000* 
T8 0.002* 
T9 0.003* 
T10 0.002* 
T11 0.015* 
T12 0.140 
T13 0.481 
L1 0.003* 
L2 0.008* 
L3 0.210 
L4 0.083 
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L5 0.195 
L6 0.290 
S1 0.612 
      *statistically significant at the 0.05 level 
Table 4.121: Chi-square results for 
osteoarthritis at T6 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.293 
C2 0.245 
C3 0.160 
C4 0.283 
C5 0.124 
C6 0.016* 
C7 0.024* 
T1 0.007* 
T2 0.000* 
T3 0.000* 
T4 0.000* 
T5 0.000* 
T6 0.002* 
T7 0.002* 
T8 0.002* 
T9 0.001* 
T10 0.000* 
T11 0.001* 
T12 0.020* 
T13 0.481 
L1 0.034* 
L2 0.162 
L3 0.846 
L4 0.332 
L5 0.627 
L6 0.255 
S1 0.867 
      *statistically significant at the 0.05 level 
Table 4.122: Chi-square results for 
osteoarthritis at T7 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.941 
C2 0.025* 
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C3 0.013* 
C4 0.001* 
C5 0.004* 
C6 0.000* 
C7 0.002* 
T1 0.003* 
T2 0.001* 
T3 0.000* 
T4 0.012* 
T5 0.000* 
T6 0.000* 
T7 0.000* 
T8 0.000* 
T9 0.000* 
T10 0.000* 
T11 0.000* 
T12 0.000* 
T13 0.062 
L1 0.000* 
L2 0.001* 
L3 0.387 
L4 0.052 
L5 0.029* 
L6 0.241 
S1 0.533 
      *statistically significant at the 0.05 level 
Table 4.123: Chi-square results for 
osteoarthritis at T8 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.000* 
C2 0.007* 
C3 0.003* 
C4 0.000* 
C5 0.001* 
C6 0.002* 
C7 0.006* 
T1 0.062 
T2 0.000* 
T3 0.000* 
T4 0.027* 
T5 0.000* 
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T6 0.000* 
T7 0.000* 
T8 0.000* 
T9 0.000* 
T10 0.000* 
T11 0.004* 
T12 0.002* 
T13 0.494 
L1 0.003* 
L2 0.001* 
L3 0.263 
L4 0.003* 
L5 0.018* 
L6 0.626 
S1 0.845 
      *statistically significant at the 0.05 level 
Table 4.124: Chi-square results for 
osteoarthritis at T9 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.000* 
C2 0.097* 
C3 0.682 
C4 0.413 
C5 0.317 
C6 0.036* 
C7 0.041* 
T1 0.634 
T2 0.005* 
T3 0.002* 
T4 0.080 
T5 0.002* 
T6 0.000* 
T7 0.000* 
T8 0.000* 
T9 0.000* 
T10 0.000* 
T11 0.000* 
T12 0.000* 
T13 0.494 
L1 0.000* 
L2 0.001* 
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L3 0.579 
L4 0.132 
L5 0.114 
L6 0.493 
S1 0.994 
      *statistically significant at the 0.05 level 
Table 4.125: Chi-square results for 
osteoarthritis at T10 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.000* 
C2 0.303* 
C3 0.510 
C4 0.320 
C5 0.515 
C6 0.014* 
C7 0.007* 
T1 0.568 
T2 0.013* 
T3 0.026* 
T4 0.097 
T5 0.135 
T6 0.035* 
T7 0.011* 
T8 0.000* 
T9 0.000* 
T10 0.000* 
T11 0.000* 
T12 0.000* 
T13 0.481 
L1 0.000* 
L2 0.001* 
L3 0.026* 
L4 0.132 
L5 0.673 
L6 0.626 
S1 0.665 
      *statistically significant at the 0.05 level 
Table 4.126: Chi-square results for 
osteoarthritis at T11 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
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C1 0.006* 
C2 0.232 
C3 0.016* 
C4 0.030* 
C5 0.089 
C6 0.007* 
C7 0.023* 
T1 0.144 
T2 0.000* 
T3 0.003* 
T4 0.056 
T5 0.107 
T6 0.019* 
T7 0.287 
T8 0.010* 
T9 0.005* 
T10 0.007* 
T11 0.000* 
T12 0.000* 
T13 0.277 
L1 0.000* 
L2 0.031* 
L3 0.062 
L4 0.025* 
L5 0.010* 
L6 0.626 
S1 0.132 
      *statistically significant at the 0.05 level 
Table 4.127: Chi-square results for 
osteoarthritis at T12 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.002* 
C2 0.001* 
C3 0.000* 
C4 0.000* 
C5 0.004* 
C6 0.001* 
C7 0.000* 
T1 0.081 
T2 0.001* 
T3 0.000* 
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T4 0.041* 
T5 0.114 
T6 0.004* 
T7 0.071 
T8 0.019* 
T9 0.053 
T10 0.131 
T11 0.000* 
T12 0.000* 
T13 0.261 
L1 0.000* 
L2 0.000* 
L3 0.000* 
L4 0.001* 
L5 0.003* 
L6 0.239 
S1 0.370 
      *statistically significant at the 0.05 level 
Table 4.128: Chi-square results for 
osteoarthritis at L1 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.811 
C2 0.010* 
C3 0.000* 
C4 0.000* 
C5 0.000* 
C6 0.000* 
C7 0.045* 
T1 0.443* 
T2 0.459 
T3 0.002* 
T4 0.067 
T5 0.430 
T6 0.387 
T7 0.378 
T8 0.014* 
T9 0.029* 
T10 0.006* 
T11 0.002* 
T12 0.001* 
T13 0.494 
 142 
L1 0.000* 
L2 0.000* 
L3 0.008* 
L4 0.001* 
L5 0.005* 
L6 0.375 
S1 0.510 
      *statistically significant at the 0.05 level 
Table 4.129: Chi-square results for 
osteoarthritis at L2 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.673 
C2 0.152 
C3 0.004* 
C4 0.009* 
C5 0.002* 
C6 0.107 
C7 0.121 
T1 0.496 
T2 0.821 
T3 0.010* 
T4 0.038* 
T5 0.035* 
T6 0.010* 
T7 0.005* 
T8 0.014* 
T9 0.006* 
T10 0.005* 
T11 0.002* 
T12 0.005* 
T13 0.220 
L1 0.000* 
L2 0.000* 
L3 0.002* 
L4 0.000* 
L5 0.000* 
L6 0.241 
S1 0.778 
      *statistically significant at the 0.05 level 
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Table 4.130: Chi-square results for 
osteoarthritis at L3 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.538 
C2 0.200 
C3 0.039* 
C4 0.006* 
C5 0.002* 
C6 0.006* 
C7 0.025* 
T1 0.930 
T2 0.245 
T3 0.057 
T4 0.030* 
T5 0.074 
T6 0.022* 
T7 0.005* 
T8 0.003* 
T9 0.000* 
T10 0.000* 
T11 0.000* 
T12 0.039* 
T13 0.147 
L1 0.000* 
L2 0.000* 
L3 0.000* 
L4 0.000* 
L5 0.000* 
L6 0.399 
S1 0.211 
      *statistically significant at the 0.05 level 
Table 4.131: Chi-square results for 
osteoarthritis at L4 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.344 
C2 0.224 
C3 0.030* 
C4 0.000* 
C5 0.000* 
C6 0.000* 
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C7 0.001* 
T1 0.474 
T2 0.005* 
T3 0.007* 
T4 0.001* 
T5 0.057 
T6 0.032* 
T7 0.001* 
T8 0.000* 
T9 0.000* 
T10 0.000* 
T11 0.003* 
T12 0.021* 
T13 0.290 
L1 0.001* 
L2 0.000* 
L3 0.003* 
L4 0.000* 
L5 0.000* 
L6 0.184 
S1 0.176 
      *statistically significant at the 0.05 level 
Table 4.132: Chi-square results for 
osteoarthritis at L5 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.635 
C2 0.601 
C3 0.093 
C4 0.012* 
C5 0.001* 
C6 0.000* 
C7 0.003* 
T1 0.214 
T2 0.026* 
T3 0.013* 
T4 0.001* 
T5 0.089 
T6 0.077 
T7 0.046* 
T8 0.012* 
T9 0.001* 
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T10 0.000* 
T11 0.001* 
T12 0.017* 
T13 0.112 
L1 0.001* 
L2 0.000* 
L3 0.001* 
L4 0.000* 
L5 0.000* 
L6 0.295 
S1 0.016* 
      *statistically significant at the 0.05 level 
Table 4.133: Chi-square results for 
osteoarthritis at L6 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 0.627 
C3 0.305 
C4 0.012* 
C5 0.181 
C6 0.211 
C7 0.777 
T1 0.630 
T2 0.627 
T3 0.401 
T4 0.136 
T5 0.057 
T6 0.203 
T7 0.447 
T8 0.171 
T9 0.161 
T10 0.108 
T11 0.406 
T12 0.429 
T13 - 
L1 0.849 
L2 0.415 
L3 0.219 
L4 0.329 
L5 0.378 
L6 0.399 
 146 
S1 0.378 
      *statistically significant at the 0.05 level 
Table 4.134: Chi-square results for 
osteoarthritis at S1 and osteophytosis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.345 
C2 0.182 
C3 0.079 
C4 0.013* 
C5 0.041* 
C6 0.574 
C7 0.574 
T1 0.287 
T2 0.083 
T3 0.531 
T4 0.346 
T5 0.347 
T6 0.035* 
T7 0.017* 
T8 0.093 
T9 0.042* 
T10 0.018* 
T11 0.002* 
T12 0.002* 
T13 0.147 
L1 0.008* 
L2 0.001* 
L3 0.070 
L4 0.003* 
L5 0.000* 
L6 0.485 
S1 0.000* 
      *statistically significant at the 0.05 level 
Table 4.135: Chi-square results for osteoarthritis at C1 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.510 0.914 
C2 0.915 0.012* 
C3 0.278 0.000* 
C4 0.164 0.134 
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C5 0.156 0.176 
C6 0.001* 0.008* 
C7 0.000* 0.330 
T1 0.055 0.813 
T2 0.876 0.516 
T3 0.840 0.581 
T4 0.617 0.210 
T5 0.249 0.246 
T6 0.584 0.506 
T7 0.335 0.045* 
T8 0.020* 0.271 
T9 0.471 0.161 
T10 0.158 0.164 
T11 0.250 0.135 
T12 0.463 0.489 
T13 - - 
L1 0.493 0.283 
L2 0.151 0.433 
L3 0.078 0.097 
L4 0.107 0.299 
L5 0.461 0.387 
L6 0.764 - 
S1 - - 
             *statistically significant at the 0.05 level 
Table 4.136: Chi-square results for osteoarthritis at C2 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.414 0.106 
C2 0.105 0.000* 
C3 0.000* 0.070 
C4 0.123 0.062 
C5 0.087 0.000* 
C6 0.002* 0.025* 
C7 0.001* 0.014* 
T1 0.190 0.289 
T2 0.224 0.309 
T3 0.088 0.422 
T4 0.029* 0.003* 
T5 0.018* 0.037* 
T6 0.049* 0.118 
T7 0.023* 0.004* 
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T8 0.001* 0.547 
T9 0.377 0.002* 
T10 0.006* 0.005* 
T11 0.002* 0.046* 
T12 0.024* 0.073 
T13 0.050* 0.549 
L1 0.169 0.154 
L2 0.632 0.658 
L3 0.440 0.390 
L4 0.687 0.233 
L5 0.150 0.681 
L6 0.002* - 
S1 0.455 - 
             *statistically significant at the 0.05 level 
Table 4.137: Chi-square results for osteoarthritis at C3 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.836 0.304 
C2 0.301 0.000* 
C3 0.000* 0.000* 
C4 0.000* 0.046* 
C5 0.102 0.000* 
C6 0.000* 0.001* 
C7 0.002* 0.071 
T1 0.458 0.464 
T2 0.001* 0.332 
T3 0.188 0.615 
T4 0.137 0.087 
T5 0.080 0.188 
T6 0.447 0.416 
T7 0.182 0.217 
T8 0.085 0.000* 
T9 0.338 0.210 
T10 0.121 0.393 
T11 0.216 0.641 
T12 0.059 0.050* 
T13 0.269 0.223 
L1 0.404 0.223 
L2 0.263 0.483 
L3 0.031* 0.599 
L4 0.830 0.054 
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L5 0.347 0.264 
L6 0.164 - 
S1 0.453 - 
             *statistically significant at the 0.05 level 
Table 4.138: Chi-square results for osteoarthritis at C5 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.894 0.894 
C2 0.894 0.007* 
C3 0.019* 0.005* 
C4 0.128 0.000* 
C5 0.000* 0.000* 
C6 0.000* 0.021* 
C7 0.034* 0.067 
T1 0.082 0.231 
T2 0.000* 0.265 
T3 0.098 0.665 
T4 0.297 0.086 
T5 0.083 0.201 
T6 0.313 0.000* 
T7 0.017* 0.520 
T8 0.293 0.000* 
T9 0.489 0.723 
T10 0.455 0.177 
T11 0.024* 0.208 
T12 0.221 0.729 
T13 0.827 0.517 
L1 0.290 0.077 
L2 0.148 0.011* 
L3 0.008* 0.165 
L4 0.516 0.171 
L5 0.046* 0.690 
L6 0.336 - 
S1 0.803 - 
             *statistically significant at the 0.05 level 
Table 4.139: Chi-square results for osteoarthritis at C6 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.184 0.936 
C2 0.939 0.601 
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C3 0.753 0.012* 
C4 0.031* 0.001* 
C5 0.049* 0.000* 
C6 0.000* 0.000* 
C7 0.000* 0.000* 
T1 0.065 0.256 
T2 0.123 0.842 
T3 0.052 0.598 
T4 0.001* 0.043* 
T5 0.038* 0.116 
T6 0.118 0.000* 
T7 0.139 0.156 
T8 0.355 0.083 
T9 0.041* 0.278 
T10 0.070 0.018* 
T11 0.002* 0.003* 
T12 0.001* 0.058 
T13 0.558 0.187 
L1 0.000* 0.027* 
L2 0.022* 0.049* 
L3 0.008* 0.005* 
L4 0.156 0.586 
L5 0.359 0.008* 
L6 0.546 - 
S1 0.798 - 
             *statistically significant at the 0.05 level 
Table 4.140: Chi-square results for osteoarthritis at C7 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.038* 0.904 
C2 0.907 0.079 
C3 0.177 0.043* 
C4 0.300 0.006* 
C5 0.048* 0.002* 
C6 0.114 0.000* 
C7 0.000* 0.000* 
T1 0.001* 0.006* 
T2 0.027* 0.194 
T3 0.294 0.868 
T4 0.268 0.009* 
T5 0.000* 0.142 
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T6 0.102 0.000* 
T7 0.021* 0.207 
T8 0.184 0.025* 
T9 0.249 0.123 
T10 0.070 0.141 
T11 0.148 0.017* 
T12 0.102 0.171 
T13 0.173 0.136 
L1 0.076* 0.647 
L2 0.267 0.935 
L3 0.007* 0.023* 
L4 0.101 0.273 
L5 0.647 0.526 
L6 0.460 - 
S1 0.267 - 
             *statistically significant at the 0.05 level 
Table 4.141: Chi-square results for osteoarthritis at T1 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.031* 0.877 
C2 0.879 0.003* 
C3 0.083 0.025* 
C4 0.239 0.018* 
C5 0.018* 0.004* 
C6 0.130 0.000* 
C7 0.000* 0.000* 
T1 0.009* 0.000* 
T2 0.012* 0.006* 
T3 0.125 0.000* 
T4 0.551 0.004* 
T5 0.004* 0.001* 
T6 0.027* 0.173 
T7 0.236 0.179 
T8 0.108 0.114 
T9 0.584 0.562 
T10 0.477 0.076 
T11 0.067 0.498 
T12 0.021* 0.294 
T13 0.368 0.189 
L1 0.105 0.345 
L2 0.549 0.687 
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L3 0.043* 0.297 
L4 0.285 0.909 
L5 0.847 0.906 
L6 0.786 - 
S1 0.597 - 
             *statistically significant at the 0.05 level 
Table 4.142: Chi-square results for osteoarthritis at T2 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.359 0.888 
C2 0.892 0.021* 
C3 0.305 0.001* 
C4 0.060 0.308 
C5 0.299 0.045* 
C6 0.132 0.002* 
C7 0.003* 0.001* 
T1 0.014* 0.002* 
T2 0.008* 0.000* 
T3 0.000* 0.007* 
T4 0.412 0.096 
T5 0.090 0.018* 
T6 0.337 0.079 
T7 0.338 0.011* 
T8 0.040* 0.028* 
T9 0.072 0.237 
T10 0.064 0.074 
T11 0.040* 0.048* 
T12 0.002* 0.055 
T13 0.173 0.517 
L1 0.125 0.189 
L2 0.219 0.758 
L3 0.730 0.690 
L4 0.738 0.926 
L5 0.644 0.736 
L6 0.657 - 
S1 0.722 - 
             *statistically significant at the 0.05 level 
Table 4.143: Chi-square results for osteoarthritis at T3 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
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C1 0.515 0.836 
C2 0.844 0.324 
C3 0.509 0.002* 
C4 0.042* 0.807 
C5 0.437 0.210 
C6 0.280 0.058 
C7 0.002* 0.023* 
T1 0.064 0.001* 
T2 0.000* 0.000* 
T3 0.000* 0.000* 
T4 0.000* 0.027* 
T5 0.002* 0.000* 
T6 0.015* 0.271 
T7 0.369 0.002* 
T8 0.005* 0.012* 
T9 0.003* 0.064 
T10 0.097 0.110 
T11 0.495 0.043* 
T12 0.018* 0.080 
T13 0.173 0.517 
L1 0.441 0.317 
L2 0.378 0.496 
L3 0.589 0.685 
L4 0.238 0.554 
L5 0.892 0.888 
L6 0.786 - 
S1 0.496 - 
             *statistically significant at the 0.05 level 
Table 4.144: Chi-square results for osteoarthritis at T4 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.825 0.060 
C2 0.061 0.905 
C3 0.823 0.009* 
C4 0.556 0.916 
C5 0.753 0.196 
C6 0.283 0.010* 
C7 0.013* 0.227 
T1 0.405 0.030* 
T2 0.000* 0.004* 
T3 0.000* 0.000* 
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T4 0.000* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.003* 
T7 0.000* 0.001* 
T8 0.000* 0.003* 
T9 0.000* 0.019* 
T10 0.049* 0.123 
T11 0.117 0.005* 
T12 0.078 0.000* 
T13 0.223 0.513 
L1 0.001* 0.057 
L2 0.073 0.217 
L3 0.017* 0.646 
L4 0.297 0.417 
L5 0.481 0.560 
L6 0.786 - 
S1 0.367 - 
             *statistically significant at the 0.05 level 
Table 4.145: Chi-square results for osteoarthritis at T5 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.867 0.031* 
C2 0.033* 0.411 
C3 0.673 0.002* 
C4 0.092 0.001* 
C5 0.001* 0.363 
C6 0.481 0.015* 
C7 0.002* 0.116 
T1 0.213 0.021* 
T2 0.041* 0.005* 
T3 0.006* 0.005* 
T4 0.002* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.100 
T9 0.002* 0.012* 
T10 0.010* 0.001* 
T11 0.001* 0.014* 
T12 0.008* 0.049* 
T13 0.558 0.384 
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L1 0.160 0.122 
L2 0.038* 0.049* 
L3 0.010* 0.418 
L4 0.214 0.172 
L5 0.023* 0.552 
L6 0.879 - 
S1 0.259 - 
             *statistically significant at the 0.05 level 
Table 4.146: Chi-square results for osteoarthritis at T6 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.919 0.293 
C2 0.287 0.833 
C3 0.767 0.001* 
C4 0.743 0.013* 
C5 0.012* 0.695 
C6 0.894 0.040* 
C7 0.000* 0.025* 
T1 0.621 0.002* 
T2 0.009* 0.000* 
T3 0.000* 0.003* 
T4 0.002* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.002* 
T7 0.000* 0.005* 
T8 0.001* 0.074 
T9 0.005* 0.091 
T10 0.036* 0.000* 
T11 0.000* 0.008* 
T12 0.079 0.202 
T13 0.558 0.384 
L1 0.043* 0.156 
L2 0.089 0.126 
L3 0.231 0.130 
L4 0.114 0.618 
L5 0.059 0.895 
L6 0.906 - 
S1 0.259 - 
             *statistically significant at the 0.05 level 
Table 4.147: Chi-square results for osteoarthritis at T7 and 
Schmorl’s nodes for vertebra C1-S1. 
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Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.941 0.106 
C2 0.116 0.978 
C3 0.945 0.003* 
C4 0.898 0.004* 
C5 0.041* 0.035* 
C6 0.096 0.558 
C7 0.025* 0.002* 
T1 0.546 0.000* 
T2 0.003* 0.000* 
T3 0.000* 0.000* 
T4 0.000* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.001* 
T10 0.001* 0.001* 
T11 0.003* 0.000* 
T12 0.010* 0.002* 
T13 0.173 0.517 
L1 0.000* 0.022* 
L2 0.003* 0.174 
L3 0.207 0.289 
L4 0.233 0.480 
L5 0.551 0.696 
L6 0.850 - 
S1 0.366 - 
             *statistically significant at the 0.05 level 
Table 4.148: Chi-square results for osteoarthritis at T8 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.958 0.050* 
C2 0.052 0.628 
C3 0.637 0.006* 
C4 0.763 0.000* 
C5 0.003* 0.003* 
C6 0.012* 0.316 
C7 0.007* 0.002* 
T1 0.551 0.001* 
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T2 0.008* 0.000* 
T3 0.000* 0.000* 
T4 0.000* 0.005* 
T5 0.000* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.000* 
T10 0.000* 0.005* 
T11 0.007* 0.007* 
T12 0.054 0.008* 
T13 0.741 0.549 
L1 0.021* 0.000* 
L2 0.000* 0.040* 
L3 0.010* 0.002* 
L4 0.111 0.336 
L5 0.128 0.943 
L6 0.657 - 
S1 0.929 - 
             *statistically significant at the 0.05 level 
Table 4.149: Chi-square results for osteoarthritis at T9 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.947 0.947 
C2 0.945 0.781 
C3 0.874 0.004* 
C4 0.908 0.202 
C5 0.895 0.466 
C6 0.687 0.606 
C7 0.494 0.005* 
T1 0.561 0.000* 
T2 0.007* 0.000* 
T3 0.000* 0.000* 
T4 0.003* 0.020* 
T5 0.002* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.000* 
T10 0.000* 0.000* 
T11 0.000* 0.000* 
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T12 0.000* 0.000* 
T13 0.741 0.549 
L1 0.000* 0.001* 
L2 0.000* 0.021* 
L3 0.048* 0.202 
L4 0.284 0.125 
L5 0.456 0.589 
L6 0.002* - 
S1 0.723 - 
             *statistically significant at the 0.05 level 
Table 4.150: Chi-square results for osteoarthritis at T10 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.938 0.193 
C2 0.202 0.450 
C3 0.905 0.000* 
C4 0.024* 0.014* 
C5 0.470 0.031* 
C6 0.072 0.166 
C7 0.072 0.003* 
T1 0.047* 0.000* 
T2 0.001* 0.000* 
T3 0.000* 0.002* 
T4 0.001* 0.045* 
T5 0.001* 0.000* 
T6 0.000* 0.002* 
T7 0.002* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.000* 
T10 0.000* 0.000* 
T11 0.000* 0.000* 
T12 0.000* 0.000* 
T13 0.558 0.187 
L1 0.000* 0.000* 
L2 0.000* 0.127 
L3 0.153 0.163 
L4 0.277 0.360 
L5 0.107 0.648 
L6 0.657 - 
S1 0.673 - 
             *statistically significant at the 0.05 level 
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Table 4.151: Chi-square results for osteoarthritis at T11 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.316 0.316 
C2 0.310 0.153 
C3 0.451 0.000* 
C4 0.007* 0.005* 
C5 0.527 0.002* 
C6 0.012* 0.000* 
C7 0.000* 0.010* 
T1 0.001* 0.007* 
T2 0.017* 0.000* 
T3 0.000* 0.005* 
T4 0.007* 0.001* 
T5 0.010* 0.002* 
T6 0.000* 0.003* 
T7 0.008* 0.078 
T8 0.006* 0.000* 
T9 0.001* 0.002* 
T10 0.001* 0.000* 
T11 0.000* 0.000* 
T12 0.000* 0.000* 
T13 0.517 0.187 
L1 0.001* 0.000* 
L2 0.000* 0.215 
L3 0.170 0.207 
L4 0.605 0.490 
L5 0.018* 0.809 
L6 0.657 - 
S1 0.610 - 
             *statistically significant at the 0.05 level 
Table 4.152: Chi-square results for osteoarthritis at T12 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.304 0.002* 
C2 0.001* 0.003* 
C3 0.000* 0.000* 
C4 0.000* 0.196 
C5 0.104 0.000* 
C6 0.032* 0.000* 
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C7 0.000* 0.000* 
T1 0.000* 0.000* 
T2 0.000* 0.315 
T3 0.035* 0.000* 
T4 0.000* 0.011* 
T5 0.022* 0.123 
T6 0.011* 0.001* 
T7 0.001* 0.000* 
T8 0.000* 0.009* 
T9 0.006* 0.085 
T10 0.167 0.001* 
T11 0.000* 0.000* 
T12 0.000* 0.000* 
T13 0.368 0.189 
L1 0.000* 0.000* 
L2 0.000* 0.004* 
L3 0.001* 0.000* 
L4 0.066 0.013* 
L5 0.319 0.665 
L6 0.546 - 
S1 0.921 - 
            *statistically significant at the 0.05 level 
Table 4.153: Chi-square results for osteoarthritis at T13 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 - - 
C2 - - 
C3 - - 
C4 - 0.624 
C5 0.624 0.624 
C6 - 0.741 
C7 0.624 0.624 
T1 - - 
T2 - 0.624 
T3 0.624 - 
T4 0.014* 0.0624 
T5 0.624 0.741 
T6 0.741 0.439 
T7 0.549 0.741 
T8 0.741 0.439 
T9 0.439 0.741 
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T10 0.741 0.549 
T11 0.494 0.741 
T12 0.549 0.439 
T13 0.741 0.050* 
L1 0.121 - 
L2 0.624 0.624 
L3 0.273 0.439 
L4 0.624 0.624 
L5 0.624 0.050* 
L6 0.624 - 
S1 0.160 - 
             *statistically significant at the 0.05 level 
Table 4.154: Chi-square results for osteoarthritis at L1 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.160 0.003* 
C2 0.003* 0.635 
C3 0.700 0.006* 
C4 0.438 0.001* 
C5 0.010* 0.006* 
C6 0.001* 0.013* 
C7 0.130 0.012* 
T1 0.302 0.619 
T2 0.404 0.431 
T3 0.703 0.671 
T4 0.197 0.400 
T5 0.298 0.018* 
T6 0.229 0.711 
T7 0.363 0.030* 
T8 0.045* 0.058 
T9 0.036* 0.008* 
T10 0.013* 0.001* 
T11 0.000* 0.000* 
T12 0.008* 0.001* 
T13 0.741 0.050* 
L1 0.005* 0.000* 
L2 0.000* 0.000* 
L3 0.000* 0.000* 
L4 0.013* 0.026* 
L5 0.022* 0.381 
L6 0.657 - 
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S1 0.016* - 
             *statistically significant at the 0.05 level 
Table 4.155: Chi-square results for osteoarthritis at L2 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.369 0.014* 
C2 0.015* 0.380 
C3 0.925 0.052 
C4 0.199 0.020* 
C5 0.126 0.083 
C6 0.135 0.047* 
C7 0.210 0.020* 
T1 0.746 0.819 
T2 0.511 0.966 
T3 0.878 0.436 
T4 0.538 0.069 
T5 0.018* 0.002* 
T6 0.009* 0.073 
T7 0.024* 0.060 
T8 0.021* 0.856 
T9 0.081 0.093 
T10 0.003* 0.076 
T11 0.019* 0.006* 
T12 0.025* 0.101 
T13 0.173 0.136 
L1 0.015* 0.000* 
L2 0.000* 0.000* 
L3 0.000* 0.000* 
L4 0.015* 0.012* 
L5 0.002* 0.331 
L6 0.118 - 
S1 0.321 - 
             *statistically significant at the 0.05 level 
Table 4.156: Chi-square results for osteoarthritis at L3 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.538 0.075 
C2 0.074 0.178 
C3 0.295 0.104 
C4 0.713 0.092 
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C5 0.121 0.078 
C6 0.633 0.055 
C7 0.076 0.187 
T1 0.729 0.859 
T2 0.902 0.745 
T3 0.472 0.432 
T4 0.679 0.215 
T5 0.327 0.030* 
T6 0.153 0.263 
T7 0.449 0.033* 
T8 0.131 0.308 
T9 0.306 0.181 
T10 0.523 0.398 
T11 0.643 0.508 
T12 0.850 0.389 
T13 0.136 0.384 
L1 0.062 0.000* 
L2 0.000* 0.000* 
L3 0.001* 0.000* 
L4 0.002* 0.000* 
L5 0.000* 0.072 
L6 0.420 - 
S1 0.051 - 
             *statistically significant at the 0.05 level 
Table 4.157: Chi-square results for osteoarthritis at L4 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.532 0.344 
C2 0.335 0.529 
C3 0.310 0.148 
C4 0.133 0.009* 
C5 0.002* 0.126 
C6 0.123 0.037* 
C7 0.248 0.509 
T1 0.732 0.904 
T2 0.611 0.149 
T3 0.248 0.128 
T4 0.629 0.066 
T5 0.170 0.148 
T6 0.037* 0.052 
T7 0.189 0.083 
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T8 0.087 0.628 
T9 0.113 0.493 
T10 0.214 0.428 
T11 0.246 0.519 
T12 0.318 0.443 
T13 0.050* 0.223 
L1 0.303 0.005* 
L2 0.004* 0.023* 
L3 0.023* 0.065 
L4 0.005* 0.000* 
L5 0.000* 0.155 
L6 0.713 - 
S1 0.734 - 
             *statistically significant at the 0.05 level 
Table 4.158: Chi-square results for osteoarthritis at L5 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.740 0.635 
C2 0.616 0.325 
C3 0.713 0.778 
C4 0.834 0.721 
C5 0.751 0.187 
C6 0.402 0.195 
C7 0.266 0.875 
T1 0.961 0.927 
T2 0.820 0.296 
T3 0.634 0.467 
T4 0.863 0.448 
T5 0.723 0.302 
T6 0.055 0.231 
T7 0.476 0.053 
T8 0.365 0.922 
T9 0.815 0.554 
T10 0.344 0.246 
T11 0.430 0.577 
T12 0.906 0.922 
T13 0.269 0.687 
L1 0.923 0.106 
L2 0.092 0.507 
L3 0.391 0.327 
L4 0.074 0.182 
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L5 0.069 0.112 
L6 0.629 - 
S1 0.169 - 
             *statistically significant at the 0.05 level 
Table 4.159: Chi-square results for osteoarthritis at L6 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 - - 
C2 - 0.488 
C3 0.488 0.488 
C4 - 0.164 
C5 0.164 0.532 
C6 0.532 0.532 
C7 0.532 - 
T1 - 0.488 
T2 0.488 - 
T3 0.488 - 
T4 - 0.054 
T5 0.054 0.219 
T6 0.390 0.737 
T7 0.399 0.864 
T8 0.609 0.424 
T9 0.427 0.447 
T10 0.782 0.823 
T11 0.161 0.510 
T12 0.313 0.836 
T13 - - 
L1 0.119 0.932 
L2 0.277 0.255 
L3 0.226 0.586 
L4 0.277 0.337 
L5 0.390 0.539 
L6 0.420 - 
S1 0.445 - 
             *statistically significant at the 0.05 level 
Table 4.160: Chi-square results for osteoarthritis at S1 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.539 0.345 
C2 0.315 0.188 
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C3 0.709 0.726 
C4 0.923 0.625 
C5 0.587 0.884 
C6 0.886 0.485 
C7 0.335 0.843 
T1 0.952 0.980 
T2 0.980 0.167 
T3 0.330 0.458 
T4 0.701 0.666 
T5 0.841 0.144 
T6 0.051 0.384 
T7 0.059 0.093 
T8 0.133 0.833 
T9 0.846 0.143 
T10 0.135 0.313 
T11 0.313 0.177 
T12 0.071 0.727 
T13 0.517 0.384 
L1 0.521 0.006* 
L2 0.019* 0.030* 
L3 0.105 0.109 
L4 0.040* 0.076 
L5 0.002* 0.000* 
L6 0.819 - 
S1 0.000* - 
             *statistically significant at the 0.05 level 
Table 4.161: Chi-square results for 
osteoarthritis at C1 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.996 
C4 0.768 
C5 0.579 
C6 0.060 
C7 0.901 
T1 0.210 
T2 0.122 
T3 0.806 
T4 0.758 
T5 0.143 
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T6 0.070 
T7 0.232 
T8 0.922 
T9 0.955 
T10 0.967 
T11 0.826 
T12 0.327 
T13 - 
L1 0.105 
L2 0.469 
L3 0.260 
L4 0.133 
L5 0.683 
L6 0.569 
S1 0.375 
      *statistically significant at the 0.05 level 
Table 4.162: Chi-square results for 
osteoarthritis at C2 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.840 
C4 0.403 
C5 0.880 
C6 0.607 
C7 0.331 
T1 0.303 
T2 0.834 
T3 0.697 
T4 0.060 
T5 0.757 
T6 0.069 
T7 0.797 
T8 0.252 
T9 0.975 
T10 0.929 
T11 0.730 
T12 0.728 
T13 0.576 
L1 0.060 
L2 0.237 
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L3 0.814 
L4 0.150 
L5 0.047* 
L6 0.296 
S1 0.006* 
     *statistically significant at the 0.05 level 
Table 4.163: Chi-square results for 
osteoarthritis at C3 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.988 
C4 0.961 
C5 0.499 
C6 0.922 
C7 0.942 
T1 0.116 
T2 0.082 
T3 0.127 
T4 0.016* 
T5 0.123 
T6 0.019* 
T7 0.631 
T8 0.312 
T9 0.868 
T10 0.883 
T11 0.139 
T12 0.755 
T13 0.576 
L1 0.246 
L2 0.726 
L3 0.064 
L4 0.211 
L5 0.677 
L6 0.344 
S1 0.014* 
      *statistically significant at the 0.05 level 
Table 4.164: Chi-square results for 
osteoarthritis at C4 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
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C1 - 
C2 - 
C3 0.876 
C4 0.764 
C5 0.631 
C6 0.947 
C7 0.744 
T1 0.136 
T2 0.375 
T3 0.589 
T4 0.110 
T5 0.328 
T6 0.228 
T7 0.601 
T8 0.616 
T9 0.936 
T10 0.895 
T11 0.064 
T12 0.740 
T13 0.659 
L1 0.095 
L2 0.166 
L3 0.236 
L4 0.214 
L5 0.098 
L6 0.641 
S1 0.051 
      *statistically significant at the 0.05 level 
Table 4.165: Chi-square results for 
osteoarthritis at C5 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.551 
C4 0.890 
C5 0.758 
C6 0.647 
C7 0.941 
T1 0.077 
T2 0.550 
T3 0.543 
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T4 0.024* 
T5 0.152 
T6 0.045* 
T7 0.395 
T8 0.257 
T9 0.510 
T10 0.488 
T11 0.918 
T12 0.655 
T13 0.576 
L1 0.107 
L2 0.303 
L3 0.294 
L4 0.454 
L5 0.246 
L6 0.641 
S1 0.072 
      *statistically significant at the 0.05 level 
Table 4.166: Chi-square results for 
osteoarthritis at C6 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.342 
C4 0.691 
C5 0.766 
C6 0.981 
C7 0.955 
T1 0.581 
T2 0.139 
T3 0.303 
T4 0.548 
T5 0.419 
T6 0.145 
T7 0.631 
T8 0.516 
T9 0.819 
T10 0.974 
T11 0.665 
T12 0.531 
T13 0.082 
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L1 0.504 
L2 0.265 
L3 0.393 
L4 0.303 
L5 0.760 
L6 0.801 
S1 0.703 
      *statistically significant at the 0.05 level 
Table 4.167: Chi-square results for 
osteoarthritis at C7 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.337 
C4 0.463 
C5 0.651 
C6 0.968 
C7 0.175 
T1 0.371 
T2 0.990 
T3 0.068 
T4 0.005* 
T5 0.007* 
T6 0.000* 
T7 0.001* 
T8 0.034* 
T9 0.177 
T10 0.222 
T11 0.399 
T12 0.745 
T13 0.659 
L1 0.008* 
L2 0.026* 
L3 0.367 
L4 0.454 
L5 0.779 
L6 0.827 
S1 0.289 
      *statistically significant at the 0.05 level 
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Table 4.168: Chi-square results for 
osteoarthritis at T1 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.250 
C4 0.375 
C5 0.885 
C6 0.433 
C7 0.270 
T1 0.658 
T2 0.519 
T3 0.297 
T4 0.080 
T5 0.691 
T6 0.096 
T7 0.463 
T8 0.473 
T9 0.280 
T10 0.883 
T11 0.209 
T12 0.612 
T13 0.361 
L1 0.227 
L2 0.939 
L3 0.979 
L4 0.331 
L5 0.886 
L6 0.420 
S1 0.711 
      *statistically significant at the 0.05 level 
Table 4.169: Chi-square results for 
osteoarthritis at T2 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.811 
C4 0.274 
C5 0.984 
C6 0.458 
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C7 0.520 
T1 0.473 
T2 0.625 
T3 0.982 
T4 0.818 
T5 0.232 
T6 0.785 
T7 0.893 
T8 0.718 
T9 0.560 
T10 0.780 
T11 0.021* 
T12 0.498 
T13 0.082 
L1 0.132 
L2 0.938 
L3 0.996 
L4 0.791 
L5 0.626 
L6 0.557 
S1 0.908 
      *statistically significant at the 0.05 level 
Table 4.170: Chi-square results for 
osteoarthritis at T3 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.711 
C4 0.954 
C5 0.449 
C6 0.852 
C7 0.772 
T1 0.616 
T2 0.129 
T3 0.268 
T4 0.118 
T5 0.137 
T6 0.645 
T7 0.630 
T8 0.921 
T9 0.825 
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T10 0.636 
T11 0.115 
T12 0.648 
T13 0.082 
L1 0.768 
L2 0.989 
L3 0.841 
L4 0.779 
L5 0.357 
L6 0.850 
S1 0.430 
      *statistically significant at the 0.05 level 
Table 4.171: Chi-square results for 
osteoarthritis at T4 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.696 
C4 0.482 
C5 0.813 
C6 0.528 
C7 0.393 
T1 0.681 
T2 0.196 
T3 0.644 
T4 0.019* 
T5 0.182 
T6 0.671 
T7 0.591 
T8 0.321 
T9 0.125 
T10 0.250 
T11 0.155 
T12 0.568 
T13 0.361 
L1 0.711 
L2 0.319 
L3 0.129 
L4 0.943 
L5 0.875 
L6 0.557 
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S1 0.781 
      *statistically significant at the 0.05 level 
Table 4.172: Chi-square results for 
osteoarthritis at T5 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.680 
C4 0.671 
C5 0.496 
C6 0.696 
C7 0.527 
T1 0.513 
T2 0.919 
T3 0.362 
T4 0.032* 
T5 0.018* 
T6 0.152 
T7 0.006* 
T8 0.275 
T9 0.933 
T10 0.420 
T11 0.395 
T12 0.645 
T13 0.361 
L1 0.965 
L2 0.396 
L3 0.968 
L4 0.636 
L5 0.624 
L6 0.208 
S1 0.886 
                                       *statistically significant at the 0.05 level 
Table 4.173: Chi-square results for 
osteoarthritis at T6 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.391 
C4 0.369 
 176 
C5 0.134 
C6 0.532 
C7 0.818 
T1 0.495 
T2 0.794 
T3 0.714 
T4 0.493 
T5 0.003* 
T6 0.037* 
T7 0.007* 
T8 0.681 
T9 0.696 
T10 0.437 
T11 0.043* 
T12 0.181 
T13 0.361 
L1 0.700 
L2 0.123 
L3 0.662 
L4 0.827 
L5 0.726 
L6 0.057 
S1 0.727 
                                       *statistically significant at the 0.05 level 
Table 4.174: Chi-square results for 
osteoarthritis at T7 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.178 
C4 0.416 
C5 0.657 
C6 0.275 
C7 0.318 
T1 0.222 
T2 0.263 
T3 0.039* 
T4 0.511 
T5 0.285 
T6 0.075 
T7 0.001* 
 177 
T8 0.273 
T9 0.601 
T10 0.438 
T11 0.063 
T12 0.067 
T13 0.659 
L1 0.145 
L2 0.588 
L3 0.248 
L4 0.324 
L5 0.390 
L6 0.151 
S1 0.333 
                                       *statistically significant at the 0.05 level 
Table 4.175: Chi-square results for 
osteoarthritis at T8 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.554 
C4 0.835 
C5 0.875 
C6 0.662 
C7 0.143 
T1 0.032* 
T2 0.149 
T3 0.104 
T4 0.372 
T5 0.242 
T6 0.033* 
T7 0.000* 
T8 0.147 
T9 0.550 
T10 0.377 
T11 0.305 
T12 0.638 
T13 - 
L1 0.464 
L2 0.666 
L3 0.896 
L4 0.957 
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L5 0.794 
L6 0.400 
S1 0.196 
                                       *statistically significant at the 0.05 level 
Table 4.176: Chi-square results for 
osteoarthritis at T9 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.461 
C4 0.639 
C5 0.676 
C6 0.441 
C7 0.746 
T1 0.750 
T2 0.526 
T3 0.327 
T4 0.636 
T5 0.330 
T6 0.016* 
T7 0.001* 
T8 0.011* 
T9 0.000* 
T10 0.006* 
T11 0.000* 
T12 0.280 
T13 - 
L1 0.738 
L2 0.606 
L3 0.911 
L4 0.836 
L5 0.206 
L6 0.557 
S1 0.162 
                                       *statistically significant at the 0.05 level 
Table 4.177: Chi-square results for 
osteoarthritis at T10 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
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C3 0.540 
C4 0.793 
C5 0.342 
C6 0.335 
C7 0.853 
T1 0.958 
T2 0.649 
T3 0.798 
T4 0.872 
T5 0.276 
T6 0.003* 
T7 0.003* 
T8 0.023* 
T9 0.000* 
T10 0.006* 
T11 0.000* 
T12 0.371 
T13 0.659 
L1 0.801 
L2 0.659 
L3 0.758 
L4 0.677 
L5 0.552 
L6 0.400 
S1 0.030* 
                                       *statistically significant at the 0.05 level 
Table 4.178: Chi-square results for 
osteoarthritis at T11 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.340 
C4 0.667 
C5 0.288 
C6 0.839 
C7 0.336 
T1 0.964 
T2 0.814 
T3 0.146 
T4 0.489 
T5 0.012* 
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T6 0.001* 
T7 0.100 
T8 0.145 
T9 0.003* 
T10 0.055 
T11 0.000* 
T12 0.210 
T13 0.392 
L1 0.584 
L2 0.262 
L3 0.322 
L4 0.755 
L5 0.651 
L6 0.400 
S1 0.603 
                                       *statistically significant at the 0.05 level 
Table 4.179: Chi-square results for 
osteoarthritis at T12 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.163 
C4 0.003* 
C5 0.594 
C6 0.881 
C7 0.272 
T1 0.851 
T2 0.600 
T3 0.193 
T4 0.287 
T5 0.660 
T6 0.054 
T7 0.256 
T8 0.000* 
T9 0.000* 
T10 0.093 
T11 0.000* 
T12 0.044* 
T13 0.361 
L1 0.582 
L2 0.604 
 181 
L3 0.747 
L4 0.332 
L5 0.755 
L6 0.549 
S1 0.877 
                                       *statistically significant at the 0.05 level 
Table 4.180: Chi-square results for 
osteoarthritis at T13 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.273 
C4 - 
C5 - 
C6 - 
C7 - 
T1 0.439 
T2 0.121 
T3 0.121 
T4 - 
T5 0.624 
T6 - 
T7 - 
T8 - 
T9 - 
T10 - 
T11 - 
T12 - 
T13 0.576 
L1 0.624 
L2 0.439 
L3 0.439 
L4 0.624 
L5 0.624 
L6 - 
S1 0.273 
                                       *statistically significant at the 0.05 level 
Table 4.181: Chi-square results for 
osteoarthritis at L1 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
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C1 - 
C2 - 
C3 0.407 
C4 0.009* 
C5 0.298 
C6 0.161 
C7 0.673 
T1 0.086 
T2 0.611 
T3 0.462 
T4 0.525 
T5 0.617 
T6 0.054 
T7 0.068 
T8 0.003* 
T9 0.030* 
T10 0.008* 
T11 0.002* 
T12 0.512 
T13 0.576 
L1 0.279 
L2 0.554 
L3 0.663 
L4 0.305 
L5 0.429 
L6 0.326 
S1 0.484 
                                       *statistically significant at the 0.05 level 
Table 4.182: Chi-square results for 
osteoarthritis at L2 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.085 
C4 0.219 
C5 0.213 
C6 0.685 
C7 0.652 
T1 0.001* 
T2 0.764 
T3 0.913 
 183 
T4 0.005* 
T5 0.063 
T6 0.009* 
T7 0.041* 
T8 0.001* 
T9 0.021* 
T10 0.006* 
T11 0.000* 
T12 0.596 
T13 0.659 
L1 0.260 
L2 0.545 
L3 0.231 
L4 0.181 
L5 0.254 
L6 0.913 
S1 0.165 
                                       *statistically significant at the 0.05 level 
Table 4.183: Chi-square results for 
osteoarthritis at L3 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.138 
C4 0.171 
C5 0.664 
C6 0.550 
C7 0.236 
T1 0.017* 
T2 0.700 
T3 0.473 
T4 0.174 
T5 0.389 
T6 0.150 
T7 0.772 
T8 0.246 
T9 0.155 
T10 0.072 
T11 0.000* 
T12 0.332 
T13 0.392 
 184 
L1 0.063 
L2 0.134 
L3 0.517 
L4 0.224 
L5 0.641 
L6 0.612 
S1 0.005* 
                                       *statistically significant at the 0.05 level 
Table 4.184: Chi-square results for 
osteoarthritis at L4 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.425 
C4 0.283 
C5 0.698 
C6 0.597 
C7 0.131 
T1 0.134 
T2 0.741 
T3 0.420 
T4 0.824 
T5 0.170 
T6 0.067 
T7 0.572 
T8 0.482 
T9 0.329 
T10 0.609 
T11 0.006* 
T12 0.643 
T13 0.361 
L1 0.107 
L2 0.471 
L3 0.481 
L4 0.015* 
L5 0.367 
L6 0.492 
S1 0.006* 
                                       *statistically significant at the 0.05 level 
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Table 4.185: Chi-square results for 
osteoarthritis at L5 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.073 
C4 0.797 
C5 0.907 
C6 0.627 
C7 0.000* 
T1 0.379 
T2 0.378 
T3 0.830 
T4 0.351 
T5 0.247 
T6 0.292 
T7 0.968 
T8 0.719 
T9 0.433 
T10 0.451 
T11 0.421 
T12 0.002* 
T13 0.361 
L1 0.108 
L2 0.015* 
L3 0.346 
L4 0.033* 
L5 0.301 
L6 0.473 
S1 0.356 
                                       *statistically significant at the 0.05 level 
Table 4.186: Chi-square results for 
osteoarthritis at L6 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.226 
C4 0.658 
C5 0.532 
C6 - 
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C7 - 
T1 0.511 
T2 0.297 
T3 0.488 
T4 - 
T5 0.260 
T6 - 
T7 0.260 
T8 0.260 
T9 0.260 
T10 0.260 
T11 - 
T12 - 
T13 - 
L1 0.488 
L2 0.586 
L3 0.005* 
L4 0.023* 
L5 0.694 
L6 0.208 
S1 0.511 
                                       *statistically significant at the 0.05 level 
Table 4.187: Chi-square results for 
osteoarthritis at S1 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.045* 
C4 0.222 
C5 0.160 
C6 0.532 
C7 0.585 
T1 0.172 
T2 0.288 
T3 0.538 
T4 0.388 
T5 0.547 
T6 0.614 
T7 0.617 
T8 0.179 
T9 0.141 
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T10 0.043* 
T11 0.101 
T12 0.636 
T13 0.392 
L1 0.708 
L2 0.350 
L3 0.244 
L4 0.412 
L5 0.323 
L6 0.445 
S1 0.053 
                                       *statistically significant at the 0.05 level 
Table 4.188: Chi-square results for 
osteophytosis and spondylolisthesis for 
vertebra C1-S1. 
Vertebrae p-values 
C1 0.003* 
C2 0.755 
C3 0.876 
C4 0.722 
C5 0.893 
C6 0.190 
C7 0.397 
T1 0.046* 
T2 0.963 
T3 0.373 
T4 0.073 
T5 0.033* 
T6 0.647 
T7 0.126 
T8 0.023* 
T9 0.080 
T10 0.163 
T11 0.396 
T12 0.648 
T13 0.112 
L1 0.995 
L2 0.413 
L3 0.660 
L4 0.496 
L5 0.256 
L6 0.375 
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S1 0.840 
                                               *statistically significant at the 0.05 level 
Table 4.189: Chi-square results for osteophytosis of C1 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.947 0.947 
C2 0.947 0.987 
C3 0.994 0.994 
C4 0.996 0.993 
C5 0.991 0.936 
C6 0.990 0.983 
C7 0.986 0.997 
T1 0.997 0.999 
T2 0.989 0.996 
T3 0.994 0.000* 
T4 0.991 0.978 
T5 0.979 0.025* 
T6 0.963 0.370 
T7 0.909 0.548 
T8 0.895 0.781 
T9 0.900 0.004* 
T10 0.889 0.796 
T11 0.269 0.576 
T12 0.876 0.917 
T13 - - 
L1 0.947 0.940 
L2 0.936 0.006* 
L3 0.264 0.953 
L4 0.075 0.967 
L5 0.971 0.979 
L6 - - 
S1 0.969 - 
            *statistically significant at the 0.05 level 
Table 4.190: Chi-square results for osteophytosis of C2 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.683 0.000* 
C2 0.000* 0.000* 
C3 0.000* 0.493 
C4 0.082 0.175 
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C5 0.128 0.020* 
C6 0.478 0.151 
C7 0.006* 0.001* 
T1 0.871 0.000* 
T2 0.000* 0.079 
T3 0.057 0.001* 
T4 0.000* 0.000* 
T5 0.019* 0.569 
T6 0.408 0.209 
T7 0.095 0.004* 
T8 0.000* 0.075 
T9 0.707 0.107 
T10 0.421 0.105 
T11 0.368 0.025* 
T12 0.120 0.001* 
T13 0.025* 0.392 
L1 0.000* 0.064 
L2 0.016* 0.078 
L3 0.099 0.003* 
L4 0.394 0.015* 
L5 0.020* 0.101 
L6 0.188 - 
S1 0.356 - 
                      *statistically significant at the 0.05 level 
Table 4.191: Chi-square results for osteophytosis of C3 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.260 0.000* 
C2 0.000* 0.000* 
C3 0.000* 0.000* 
C4 0.001* 0.001* 
C5 0.000* 0.000* 
C6 0.001* 0.058 
C7 0.001* 0.002* 
T1 0.483 0.000* 
T2 0.000* 0.078 
T3 0.116 0.229 
T4 0.182 0.294 
T5 0.680 0.695 
T6 0.361 0.071 
T7 0.025* 0.020* 
 190 
T8 0.060 0.520 
T9 0.965 0.330 
T10 0.162 0.082 
T11 0.235 0.110 
T12 0.632 0.005* 
T13 0.558 0.323 
L1 0.000* 0.000* 
L2 0.000* 0.003* 
L3 0.005* 0.000* 
L4 0.054 0.203 
L5 0.068 0.147 
L6 0.786 - 
S1 0.279 - 
                     *statistically significant at the 0.05 level 
Table 4.192: Chi-square results for osteophytosis of C4 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 - 0.118 
C2 0.106 0.339 
C3 0.009* 0.002* 
C4 0.004* 0.000* 
C5 0.000* 0.000* 
C6 0.000* 0.009* 
C7 0.001* 0.010* 
T1 0.081 0.000* 
T2 0.001* 0.004* 
T3 0.252 0.371 
T4 0.180 0.149 
T5 0.041* 0.177 
T6 0.144 0.049* 
T7 0.016* 0.001* 
T8 0.015* 0.306 
T9 0.844 0.002* 
T10 0.020* 0.018* 
T11 0.094 0.008* 
T12 0.023* 0.031* 
T13 0.423 0.147 
L1 0.083 0.012* 
L2 0.003* 0.688 
L3 0.095 0.010* 
L4 0.172 0.462 
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L5 0.004* 0.396 
L6 0.536 - 
S1 0.806 - 
                     *statistically significant at the 0.05 level 
Table 4.193: Chi-square results for osteophytosis of C5 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.737 0.737 
C2 0.724 0.611 
C3 0.094 0.015* 
C4 0.001* 0.000* 
C5 0.000* 0.000* 
C6 0.000* 0.006* 
C7 0.015* 0.084 
T1 0.168 0.029* 
T2 0.015* 0.812 
T3 0.397 0.165 
T4 0.121 0.425 
T5 0.547 0.117 
T6 0.283 0.056 
T7 0.137 0.186 
T8 0.115 0.594 
T9 0.287 0.451 
T10 0.437 0.794 
T11 0.704 0.001* 
T12 0.018* 0.019* 
T13 0.423 0.147 
L1 0.005* 0.002* 
L2 0.004* 0.027* 
L3 0.044* 0.008* 
L4 0.172 0.143 
L5 0.005* 0.050* 
L6 0.244 - 
S1 0.697 - 
                     *statistically significant at the 0.05 level 
Table 4.194: Chi-square results for osteophytosis of C6 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.802 0.802 
C2 0.802 0.943 
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C3 0.250 0.000* 
C4 0.001* 0.027* 
C5 0.021* 0.000* 
C6 0.000* 0.000* 
C7 0.000* 0.066 
T1 0.136 0.070 
T2 0.022* 0.472 
T3 0.080 0.109 
T4 0.062 0.084 
T5 0.052 0.001* 
T6 0.031* 0.000* 
T7 0.037* 0.008* 
T8 0.459 0.013* 
T9 0.051 0.049* 
T10 0.113 0.019* 
T11 0.011* 0.000* 
T12 0.000* 0.006* 
T13 0.517 0.323 
L1 0.000* 0.000* 
L2 0.000* 0.005* 
L3 0.010* 0.004* 
L4 0.123 0.092 
L5 0.312 0.090 
L6 0.351 - 
S1 0.548 - 
                     *statistically significant at the 0.05 level 
Table 4.195: Chi-square results for osteophytosis of C7 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.045* 0.045* 
C2 0.049* 0.354 
C3 0.178 0.000* 
C4 0.016* 0.084 
C5 0.065 0.039* 
C6 0.111 0.000* 
C7 0.000* 0.000* 
T1 0.000* 0.000* 
T2 0.000* 0.151 
T3 0.007* 0.002* 
T4 0.004* 0.002* 
T5 0.085 0.003* 
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T6 0.000* 0.001* 
T7 0.002* 0.164 
T8 0.107 0.149 
T9 0.011* 0.010* 
T10 0.013* 0.002* 
T11 0.008* 0.000* 
T12 0.000* 0.000* 
T13 - - 
L1 0.001* 0.023* 
L2 0.093 0.066 
L3 0.440 0.000* 
L4 0.111 0.001* 
L5 0.074 0.789 
L6 0.677 - 
S1 0.793 - 
                     *statistically significant at the 0.05 level 
Table 4.196: Chi-square results for osteophytosis of T1 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.867 0.867 
C2 0.876 0.654 
C3 0.571 0.000* 
C4 0.448 0.240 
C5 0.018* 0.631 
C6 0.568 0.039* 
C7 0.000* 0.000* 
T1 0.000* 0.000* 
T2 0.000* 0.249 
T3 0.010* 0.002* 
T4 0.000* 0.048* 
T5 0.019* 0.009* 
T6 0.057 0.013* 
T7 0.007* 0.111 
T8 0.070 0.230 
T9 0.311 0.378 
T10 0.029* 0.099 
T11 0.419 0.139 
T12 0.126 0.000* 
T13 0.082 0.504 
L1 0.003* 0.095 
L2 0.101 0.407 
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L3 0.555 0.018* 
L4 0.001* 0.033* 
L5 0.110 0.704 
L6 0.629 - 
S1 0.245 - 
                     *statistically significant at the 0.05 level 
Table 4.197: Chi-square results for osteophytosis of T2 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.913 0.913 
C2 0.910 0.266 
C3 0.296 0.000* 
C4 0.121 0.078 
C5 0.054 0.011* 
C6 0.049* 0.058 
C7 0.035* 0.000* 
T1 0.000* 0.000* 
T2 0.000* 0.000* 
T3 0.000* 0.000* 
T4 0.000* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.005* 
T7 0.001* 0.017* 
T8 0.000* 0.001* 
T9 0.000* 0.040* 
T10 0.051 0.000* 
T11 0.001* 0.000* 
T12 0.000* 0.006* 
T13 0.741 0.301 
L1 0.039* 0.286 
L2 0.474 0.263 
L3 0.170 0.504 
L4 0.097 0.157 
L5 0.005* 0.910 
L6 0.850 - 
S1 0.766 - 
                     *statistically significant at the 0.05 level 
Table 4.198: Chi-square results for osteophytosis of T3 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
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C1 0.336 0.942 
C2 0.942 0.576 
C3 0.201 0.028* 
C4 0.622 0.001* 
C5 0.001* 0.338 
C6 0.044* 0.054 
C7 0.782 0.000* 
T1 0.000* 0.871 
T2 0.660 0.000* 
T3 0.000* 0.000* 
T4 0.000* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.000* 
T10 0.000* 0.000* 
T11 0.003* 0.000* 
T12 0.000* 0.001* 
T13 0.050* 0.549 
L1 0.009* 0.184 
L2 0.744 0.280 
L3 0.514 0.818 
L4 0.159 0.626 
L5 0.048* 0.499 
L6 0.164 - 
S1 0.235 - 
                     *statistically significant at the 0.05 level 
Table 4.199: Chi-square results for osteophytosis of T4 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.102 0.472 
C2 0.452 0.948 
C3 0.277 0.037* 
C4 0.067 0.506 
C5 0.173 0.301 
C6 0.357 0.067 
C7 0.206 0.172 
T1 0.090 0.982 
T2 0.880 0.003* 
T3 0.033* 0.000* 
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T4 0.000* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.001* 
T9 0.000* 0.000* 
T10 0.0008 0.000* 
T11 0.000* 0.000* 
T12 0.002* 0.069 
T13 0.517 0.705 
L1 0.039* 0.623 
L2 0.896 0.072 
L3 0.008* 0.590 
L4 0.273 0.706 
L5 0.016* 0.853 
L6 0.850 - 
S1 0.935 - 
                     *statistically significant at the 0.05 level 
Table 4.200: Chi-square results for osteophytosis of T5 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.065 0.015* 
C2 0.017* 0.801 
C3 0.219 0.082 
C4 0.384 0.535 
C5 0.307 0.441 
C6 0.253 0.235 
C7 0.332 0.576 
T1 0.233 0.464 
T2 0.787 0.007* 
T3 0.001* 0.000* 
T4 0.000* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.000* 
T10 0.002* 0.000* 
T11 0.001* 0.044* 
T12 0.005* 0.003* 
T13 0.827 0.517 
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L1 0.106 0.229 
L2 0.647 0.021* 
L3 0.003* 0.437 
L4 0.104 0.393 
L5 0.006* 0.658 
L6 0.164 - 
S1 0.894 - 
                     *statistically significant at the 0.05 level 
Table 4.201: Chi-square results for osteophytosis of T6 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.021* 0.021* 
C2 0.017* 0.467 
C3 0.720 0.211 
C4 0.399 0.792 
C5 0.413 0.365 
C6 0.589 0.395 
C7 0.562 0.889 
T1 0.336 0.385 
T2 0.896 0.003* 
T3 0.001* 0.000* 
T4 0.000* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.000* 
T10 0.000* 0.000* 
T11 0.000* 0.000* 
T12 0.000* 0.009* 
T13 0.558 0.112 
L1 0.048* 0.478 
L2 0.386 0.030* 
L3 0.000* 0.369 
L4 0.054 0.282 
L5 0.073 0.197 
L6 0.051 - 
S1 0.530 - 
                     *statistically significant at the 0.05 level 
Table 4.202: Chi-square results for osteophytosis of T7 and 
Schmorl’s nodes for vertebra C1-S1. 
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Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.624 0.255 
C2 0.253 0.467 
C3 0.047* 0.444 
C4 0.290 0.502 
C5 0.324 0.264 
C6 0.503 0.562 
C7 0.397 0.882 
T1 0.133 0.582 
T2 0.903 0.241 
T3 0.126 0.000* 
T4 0.000* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.000* 
T10 0.000* 0.000* 
T11 0.000* 0.001* 
T12 0.002* 0.005* 
T13 0.423 0.238 
L1 0.138 0.777 
L2 0.454 0.025* 
L3 0.036* 0.162 
L4 0.166 0.411 
L5 0.115 0.409 
L6 0.307 - 
S1 0.808 - 
                     *statistically significant at the 0.05 level 
Table 4.203: Chi-square results for osteophytosis of T8 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.567 0.269 
C2 0.282 0.500 
C3 0.030* 0.080 
C4 0.194 0.250 
C5 0.408 0.165 
C6 0.472 0.249 
C7 0.729 0.310 
T1 0.045* 0.074 
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T2 0.480 0.017* 
T3 0.021* 0.000* 
T4 0.000* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.000* 
T10 0.000* 0.000* 
T11 0.000* 0.000* 
T12 0.000* 0.016* 
T13 0.321 0.353 
L1 0.007* 0.508 
L2 0.365 0.223 
L3 0.636 0.265 
L4 0.161 0.371 
L5 0.091 0.756 
L6 0.307 - 
S1 0.726 - 
                     *statistically significant at the 0.05 level 
Table 4.204: Chi-square results for osteophytosis of T9 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.424 0.424 
C2 0.418 0.112 
C3 0.080 0.125 
C4 0.304 0.314 
C5 0.399 0.051 
C6 0.120 0.172 
C7 0.207 0.520 
T1 0.099 0.152 
T2 0.448 0.003* 
T3 0.005* 0.000* 
T4 0.000* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.000* 
T10 0.000* 0.000* 
T11 0.000* 0.000* 
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T12 0.000* 0.390 
T13 0.173 0.517 
L1 0.103 0.415 
L2 0.238 0.085 
L3 0.214 0.823 
L4 0.079 0.332 
L5 0.265 0.864 
L6 0.005* - 
S1 0.701 - 
                    *statistically significant at the 0.05 level 
Table 4.205: Chi-square results for osteophytosis of T10 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.395 0.395 
C2 0.374 0.023* 
C3 0.209 0.510 
C4 0.218 0.635 
C5 0.345 0.002* 
C6 0.264 0.145 
C7 0.082 0.159 
T1 0.216 0.239 
T2 0.149 0.007* 
T3 0.019* 0.000* 
T4 0.000* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.000* 
T10 0.000* 0.000* 
T11 0.000* 0.000* 
T12 0.000* 0.055 
T13 0.609 0.238 
L1 0.003* 0.281 
L2 0.136 0.018* 
L3 0.080 0.401 
L4 0.641 0.391 
L5 0.297 0.888 
L6 0.011* - 
S1 0.693 - 
                    *statistically significant at the 0.05 level 
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Table 4.206: Chi-square results for osteophytosis of T11 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.776 0.416 
C2 0.452 0.058 
C3 0.079 0.103 
C4 0.069 0.228 
C5 0.593 0.009* 
C6 0.398 0.256 
C7 0.153 0.173 
T1 0.395 0.250 
T2 0.028* 0.253 
T3 0.143 0.000* 
T4 0.000* 0.000* 
T5 0.000* 0.000* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.000* 
T10 0.000* 0.000* 
T11 0.000* 0.000* 
T12 0.000* 0.009* 
T13 0.343 0.092 
L1 0.001* 0.004* 
L2 0.000* 0.049* 
L3 0.008* 0.659 
L4 0.240 0.031* 
L5 0.356 0.420 
L6 0.011* - 
S1 0.394 - 
                    *statistically significant at the 0.05 level 
Table 4.207: Chi-square results for osteophytosis of T12 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.753 0.076 
C2 0.070 0.576 
C3 0.017* 0.034* 
C4 0.064 0.189 
C5 0.698 0.084 
C6 0.401 0.003* 
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C7 0.048* 0.063 
T1 0.238 0.090 
T2 0.015* 0.423 
T3 0.100 0.000* 
T4 0.000* 0.000* 
T5 0.001* 0.001* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.409 0.433 
T10 0.000* 0.000* 
T11 0.000* 0.000* 
T12 0.000* 0.009* 
T13 0.558 0.112 
L1 0.048* 0.478 
L2 0.000* 0.000* 
L3 0.002* 0.001* 
L4 0.020* 0.051 
L5 0.291 0.845 
L6 0.007* - 
S1 0.543 - 
                     *statistically significant at the 0.05 level 
Table 4.208: Chi-square results for osteophytosis of T13 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 - - 
C2 - - 
C3 - - 
C4 - 0.112 
C5 0.112 0.494 
C6 - 0.423 
C7 0.494 0.494 
T1 - - 
T2 - 0.494 
T3 0.494 - 
T4 0.494 0.494 
T5 0.494 0.609 
T6 0.609 0.290 
T7 0.481 0.220 
T8 0.220 0.290 
T9 0.290 0.220 
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T10 0.220 0.481 
T11 0.437 0.220 
T12 0.321 0.290 
T13 0.220 0.481 
L1 0.290 - 
L2 0.112 0.112 
L3 0.572 0.290 
L4 0.112 0.112 
L5 0.494 0.544 
L6 - - 
S1 0.112 - 
                     *statistically significant at the 0.05 level 
Table 4.209: Chi-square results for osteophytosis of L1 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.301 0.001* 
C2 0.001* 0.367 
C3 0.061 0.000* 
C4 0.001* 0.011* 
C5 0.042* 0.002* 
C6 0.065 0.073 
C7 0.057 0.002* 
T1 0.002* 0.002* 
T2 0.001* 0.256 
T3 0.034* 0.000* 
T4 0.000* 0.000* 
T5 0.001* 0.002* 
T6 0.000* 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.000* 
T9 0.000* 0.000* 
T10 0.000* 0.000* 
T11 0.000* 0.000* 
T12 0.000* 0.000* 
T13 0.199 0.070 
L1 0.000* 0.000* 
L2 0.000* 0.000* 
L3 0.000* 0.000* 
L4 0.009* 0.753 
L5 0.445 0.019* 
L6 0.114 - 
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S1 0.091 - 
                     *statistically significant at the 0.05 level 
Table 4.210: Chi-square results for osteophytosis of L2 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.816 0.000* 
C2 0.000* 0.695 
C3 0.044* 0.000* 
C4 0.012* 0.023* 
C5 0.030* 0.101 
C6 0.189 0.815 
C7 0.103 0.001* 
T1 0.205 0.334 
T2 0.104 0.695 
T3 0.406 0.105 
T4 0.009* 0.001* 
T5 0.011* 0.029* 
T6 0.407 0.000* 
T7 0.000* 0.000* 
T8 0.000* 0.003* 
T9 0.003* 0.000* 
T10 0.000* 0.000* 
T11 0.001* 0.000* 
T12 0.000* 0.000* 
T13 0.220 0.062 
L1 0.000* 0.000* 
L2 0.000* 0.000* 
L3 0.000* 0.003* 
L4 0.081 0.218 
L5 0.520 0.974 
L6 0.296 - 
S1 0.286 - 
                     *statistically significant at the 0.05 level 
Table 4.211: Chi-square results for osteophytosis of L3 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.782 0.000* 
C2 0.000* 0.634 
C3 0.103 0.405 
C4 0.645 0.874 
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C5 0.547 0.235 
C6 0.339 0.261 
C7 0.116 0.312 
T1 0.461 0.181 
T2 0.228 0.600 
T3 0.962 0.009* 
T4 0.001* 0.001* 
T5 0.012* 0.225 
T6 0.680 0.054 
T7 0.270 0.000* 
T8 0.005* 0.145 
T9 0.277 0.000* 
T10 0.000* 0.006* 
T11 0.039* 0.000* 
T12 0.001* 0.000* 
T13 0.083 0.199 
L1 0.000* 0.000* 
L2 0.000* 0.000* 
L3 0.000* 0.000* 
L4 0.000* 0.002* 
L5 0.003* 0.989 
L6 0.420 - 
S1 0.796 - 
                     *statistically significant at the 0.05 level 
Table 4.212: Chi-square results for osteophytosis of L4 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.748 0.000* 
C2 0.000* 0.591 
C3 0.111 0.583 
C4 0.171 0.490 
C5 0.048* 0.041* 
C6 0.020* 0.133 
C7 0.229 0.472 
T1 0.140 0.358 
T2 0.281 0.945 
T3 0.728 0.007* 
T4 0.006* 0.002* 
T5 0.000* 0.004* 
T6 0.003* 0.000* 
T7 0.001* 0.000* 
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T8 0.000* 0.004* 
T9 0.012* 0.000* 
T10 0.000* 0.002* 
T11 0.048* 0.017* 
T12 0.008* 0.001* 
T13 0.136 0.384 
L1 0.014* 0.000* 
L2 0.000* 0.000* 
L3 0.000* 0.000* 
L4 0.000* 0.000* 
L5 0.000* 0.365 
L6 0.819 - 
S1 0.141 - 
                     *statistically significant at the 0.05 level 
Table 4.213: Chi-square results for osteophytosis of L5 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.806 0.000* 
C2 0.000* 0.511 
C3 0.008* 0.217 
C4 0.136 0.453 
C5 0.625 0.618 
C6 0.217 0.010* 
C7 0.069 0.730 
T1 0.748 0.670 
T2 0.790 0.691 
T3 0.855 0.001* 
T4 0.000* 0.013* 
T5 0.244 0.83 
T6 0.010* 0.002* 
T7 0.034* 0.016* 
T8 0.003* 0.092 
T9 0.059 0.001* 
T10 0.002* 0.005* 
T11 0.071 0.067 
T12 0.023* 0.019* 
T13 0.609 0.147 
L1 0.113 0.152 
L2 0.147 0.000* 
L3 0.000* 0.000* 
L4 0.000* 0.000* 
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L5 0.000* 0.000* 
L6 0.487 - 
S1 0.000* - 
                     *statistically significant at the 0.05 level 
Table 4.214: Chi-square results for osteophytosis of L6 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 - - 
C2 - 0.267 
C3 0.267 0.091 
C4 - 0.738 
C5 0.738 0.114 
C6 0.738 0.114 
C7 0.114 - 
T1 - 0.697 
T2 0.697 - 
T3 0.267 - 
T4 - 0.375 
T5 0.375 0.407 
T6 0.262 0.062 
T7 0.189 0.465 
T8 0.331 0.349 
T9 0.118 0.415 
T10 0.352 0.784 
T11 0.642 0.271 
T12 0.404 0.568 
T13 - - 
L1 0.681 0.165 
L2 0.817 0.226 
L3 0.336 0.375 
L4 0.241 0.082 
L5 0.262 0.112 
L6 0.307 - 
S1 0.296 - 
                     *statistically significant at the 0.05 level 
Table 4.215: Chi-square results for osteophytosis of S1 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 - 0.021* 
C2 0.030* 0.647 
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C3 0.300 0.210 
C4 0.003* 0.913 
C5 0.008* 0.811 
C6 0.769 0.164 
C7 0.185 0.753 
T1 0.471 0.972 
T2 0.923 0.759 
T3 0.537 0.197 
T4 0.036* 0.221 
T5 0.410 0.796 
T6 0.044* 0.197 
T7 0.030* 0.014* 
T8 0.032* 0.846 
T9 0.146 0.176 
T10 0.121 0.021* 
T11 0.092 0.160 
T12 0.011* 0.000* 
T13 0.199 0.070 
L1 0.540 0.564 
L2 0.458 0.850 
L3 0.061 0.129 
L4 0.053 0.008* 
L5 0.072 0.004* 
L6 0.738 - 
S1 0.000* - 
                      *statistically significant at the 0.05 level 
Table 4.216: Chi-square results for 
osteophytosis at C1 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.608 
C4 0.717 
C5 0.782 
C6 0.819 
C7 0.804 
T1 0.374 
T2 0.530 
T3 0.736 
T4 0.812 
T5 0.797 
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T6 0.789 
T7 0.848 
T8 0.848 
T9 0.858 
T10 0.869 
T11 0.869 
T12 0.775 
T13 - 
L1 0.581 
L2 0.133 
L3 0.308 
L4 0.363 
L5 0.604 
L6 - 
S1 0.613 
       *statistically significant at the 0.05 level 
Table 4.217: Chi-square results for 
osteophytosis at C2 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.239 
C4 0.828 
C5 0.815 
C6 0.905 
C7 0.717 
T1 0.589 
T2 0.034* 
T3 0.864 
T4 0.101 
T5 0.243 
T6 0.034* 
T7 0.479 
T8 0.018* 
T9 0.472 
T10 0.422 
T11 0.008* 
T12 0.001* 
T13 0.505 
L1 0.970 
L2 0.628 
 210 
L3 0.584 
L4 0.427 
L5 0.421 
L6 0.913 
S1 0.851 
   *statistically significant at the 0.05 level 
Table 4.218: Chi-square results for 
osteophytosis at C3 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.512 
C4 0.995 
C5 0.139 
C6 0.708 
C7 0.927 
T1 0.845 
T2 0.819 
T3 0.472 
T4 0.139 
T5 0.506 
T6 0.010* 
T7 0.620 
T8 0.013* 
T9 0.265 
T10 0.402 
T11 0.474 
T12 0.418 
T13 0.082 
L1 0.822 
L2 0.488 
L3 0.089 
L4 0.905 
L5 0.521 
L6 0.146 
S1 0.989 
   *statistically significant at the 0.05 level 
Table 4.219: Chi-square results for 
osteophytosis at C4 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
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C1 - 
C2 - 
C3 0.883 
C4 0.445 
C5 0.170 
C6 0.385 
C7 0.987 
T1 0.646 
T2 0.129 
T3 0.313 
T4 0.377 
T5 0.256 
T6 0.096 
T7 0.832 
T8 0.361 
T9 0.208 
T10 0.456 
T11 0.677 
T12 0.347 
T13 0.172 
L1 0.453 
L2 0.070 
L3 0.841 
L4 0.699 
L5 0.356 
L6 0.180 
S1 0.599 
   *statistically significant at the 0.05 level 
Table 4.220: Chi-square results for 
osteophytosis at C5 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.647 
C4 0.463 
C5 0.104 
C6 0.636 
C7 0.682 
T1 0.586 
T2 0.305 
T3 0.673 
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T4 0.681 
T5 1.000 
T6 0.201 
T7 0.865 
T8 0.152 
T9 0.107 
T10 0.346 
T11 0.161 
T12 0.060 
T13 0.172 
L1 0.087 
L2 0.192 
L3 0.234 
L4 0.019* 
L5 0.236 
L6 0.155 
S1 0.365 
   *statistically significant at the 0.05 level 
Table 4.221: Chi-square results for 
osteophytosis at C6 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.116 
C4 0.773 
C5 0.090 
C6 0.828 
C7 0.943 
T1 0.429 
T2 0.868 
T3 0.347 
T4 0.532 
T5 0.789 
T6 0.545 
T7 0.916 
T8 0.508 
T9 0.404 
T10 0.859 
T11 0.818 
T12 0.226 
T13 0.392 
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L1 0.170 
L2 0.026* 
L3 0.198 
L4 0.055 
L5 0.892 
L6 0.406 
S1 0.466 
   *statistically significant at the 0.05 level 
Table 4.222: Chi-square results for 
osteophytosis at C7 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.921 
C4 0.229 
C5 0.481 
C6 0.203 
C7 0.066 
T1 0.340 
T2 0.631 
T3 0.324 
T4 0.832 
T5 0.746 
T6 0.898 
T7 0.508 
T8 0.748 
T9 0.335 
T10 0.362 
T11 0.583 
T12 0.016* 
T13 - 
L1 0.024* 
L2 0.116 
L3 0.319 
L4 0.302 
L5 0.949 
L6 0.721 
S1 0.348 
   *statistically significant at the 0.05 level 
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Table 4.223: Chi-square results for 
osteophytosis at T1 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.083 
C4 0.651 
C5 0.878 
C6 0.224 
C7 0.426 
T1 0.254 
T2 0.666 
T3 0.347 
T4 0.277 
T5 0.884 
T6 0.568 
T7 0.302 
T8 0.982 
T9 0.801 
T10 0.716 
T11 0.684 
T12 0.169 
T13 0.135 
L1 0.109 
L2 0.028* 
L3 0.020* 
L4 0.163 
L5 0.555 
L6 0.612 
S1 0.870 
   *statistically significant at the 0.05 level 
Table 4.224: Chi-square results for 
osteophytosis at T2 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.539 
C4 0.565 
C5 0.883 
C6 0.665 
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C7 0.736 
T1 0.069 
T2 0.819 
T3 0.612 
T4 0.747 
T5 0.799 
T6 0.168 
T7 0.066 
T8 0.326 
T9 0.636 
T10 0.701 
T11 0.826 
T12 0.214 
T13 0.025* 
L1 0.105 
L2 0.512 
L3 0.247 
L4 0.336 
L5 0.650 
L6 0.400 
S1 0.551 
   *statistically significant at the 0.05 level 
Table 4.225: Chi-square results for 
osteophytosis at T3 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.569 
C4 0.273 
C5 0.070 
C6 0.054 
C7 0.055 
T1 0.253 
T2 0.971 
T3 0.675 
T4 0.679 
T5 0.072 
T6 0.006* 
T7 0.000* 
T8 0.018* 
T9 0.397 
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T10 0.003* 
T11 0.733 
T12 0.530 
T13 0.576 
L1 0.340 
L2 0.076 
L3 0.099 
L4 0.057 
L5 0.520 
L6 0.672 
S1 0.290 
   *statistically significant at the 0.05 level 
Table 4.226: Chi-square results for 
osteophytosis at T4 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.599 
C4 0.744 
C5 0.283 
C6 0.853 
C7 0.118 
T1 0.683 
T2 0.975 
T3 0.148 
T4 0.670 
T5 0.098 
T6 0.050* 
T7 0.006* 
T8 0.355 
T9 0.410 
T10 0.318 
T11 0.897 
T12 0.921 
T13 0.171 
L1 0.001* 
L2 0.003* 
L3 0.036* 
L4 0.881 
L5 0.189 
L6 0.557 
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S1 0.586 
   *statistically significant at the 0.05 level 
Table 4.227: Chi-square results for 
osteophytosis at T5 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.207 
C4 0.926 
C5 0.791 
C6 0.711 
C7 0.816 
T1 0.825 
T2 0.654 
T3 0.176 
T4 0.949 
T5 0.097 
T6 0.187 
T7 0.134 
T8 0.403 
T9 0.649 
T10 0.579 
T11 0.436 
T12 0.895 
T13 0.025* 
L1 0.001* 
L2 0.006* 
L3 0.253 
L4 0.850 
L5 0.148 
L6 0.344 
S1 0.397 
   *statistically significant at the 0.05 level 
Table 4.228: Chi-square results for 
osteophytosis at T6 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.268 
C4 0.100 
 218 
C5 0.723 
C6 0.983 
C7 0.904 
T1 0.324 
T2 0.837 
T3 0.154 
T4 0.835 
T5 0.156 
T6 0.053 
T7 0.048* 
T8 0.733 
T9 0.675 
T10 0.336 
T11 0.591 
T12 0.701 
T13 0.082 
L1 0.000* 
L2 0.000* 
L3 0.004* 
L4 0.262 
L5 0.118 
L6 0.420 
S1 0.565 
   *statistically significant at the 0.05 level 
Table 4.229: Chi-square results for 
osteophytosis at T7 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.439 
C4 0.423 
C5 0.864 
C6 0.902 
C7 0.893 
T1 0.818 
T2 0.874 
T3 0.080 
T4 0.579 
T5 0.732 
T6 0.097 
T7 0.096 
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T8 0.435 
T9 0.795 
T10 0.638 
T11 0.764 
T12 0.709 
T13 0.172 
L1 0.163 
L2 0.194 
L3 0.456 
L4 0.528 
L5 0.385 
L6 0.738 
S1 0.830 
   *statistically significant at the 0.05 level 
Table 4.230: Chi-square results for 
osteophytosis at T8 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.325 
C4 0.725 
C5 0.871 
C6 0.152 
C7 0.618 
T1 0.487 
T2 0.491 
T3 0.583 
T4 0.895 
T5 0.572 
T6 0.076 
T7 0.122 
T8 0.106 
T9 0.520 
T10 0.701 
T11 0.163 
T12 0.914 
T13 0.172 
L1 0.731 
L2 0.999 
L3 0.928 
L4 0.611 
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L5 0.614 
L6 0.370 
S1 0.864 
   *statistically significant at the 0.05 level 
Table 4.231: Chi-square results for 
osteophytosis at T9 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.025* 
C4 0.140 
C5 0.885 
C6 0.461 
C7 0.943 
T1 0.532 
T2 0.219 
T3 0.949 
T4 0.795 
T5 0.613 
T6 0.125 
T7 0.011* 
T8 0.193 
T9 0.331 
T10 0.202 
T11 0.793 
T12 0.963 
T13 0.082 
L1 0.146 
L2 0.281 
L3 0.241 
L4 0.759 
L5 0.212 
L6 0.307 
S1 0.744 
   *statistically significant at the 0.05 level 
Table 4.232: Chi-square results for 
osteophytosis at T10 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
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C3 0.068 
C4 0.918 
C5 0.917 
C6 0.488 
C7 0.294 
T1 0.388 
T2 0.353 
T3 0.403 
T4 0.338 
T5 0.846 
T6 0.277 
T7 0.014* 
T8 0.365 
T9 0.439 
T10 0.238 
T11 0.439 
T12 0.607 
T13 0.172 
L1 0.299 
L2 0.034* 
L3 0.018* 
L4 0.858 
L5 0.331 
L6 0.699 
S1 0.114 
   *statistically significant at the 0.05 level 
Table 4.233: Chi-square results for 
osteophytosis at T11 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.067 
C4 0.512 
C5 0.783 
C6 0.041* 
C7 0.338 
T1 0.189 
T2 0.189 
T3 0.181 
T4 0.680 
T5 0.817 
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T6 0.106 
T7 0.163 
T8 0.786 
T9 0.482 
T10 0.376 
T11 0.123 
T12 0.268 
T13 0.392 
L1 0.260 
L2 0.100 
L3 0.182 
L4 0.291 
L5 0.339 
L6 0.785 
S1 0.789 
   *statistically significant at the 0.05 level 
Table 4.234: Chi-square results for 
osteophytosis at T12 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.492 
C4 0.313 
C5 0.455 
C6 0.639 
C7 0.572 
T1 0.611 
T2 0.820 
T3 0.416 
T4 0.206 
T5 0.559 
T6 0.140 
T7 0.026* 
T8 0.033* 
T9 0.141 
T10 0.054 
T11 0.011* 
T12 0.642 
T13 0.172 
L1 0.449 
L2 0.332 
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L3 0.971 
L4 0.325 
L5 0.181 
L6 0.788 
S1 0.695 
   *statistically significant at the 0.05 level 
Table 4.235: Chi-square results for 
osteophytosis at T13 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.261 
C4 - 
C5 - 
C6 - 
C7 - 
T1 0.290 
T2 0.290 
T3 0.682 
T4 - 
T5 0.494 
T6 - 
T7 - 
T8 - 
T9 - 
T10 - 
T11 - 
T12 - 
T13 0.172 
L1 0.494 
L2 0.290 
L3 0.682 
L4 0.494 
L5 0.494 
L6 - 
S1 0.261 
  *statistically significant at the 0.05 level 
Table 4.236: Chi-square results for 
osteophytosis at L1 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
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C1 - 
C2 - 
C3 0.435 
C4 0.866 
C5 0.733 
C6 0.925 
C7 0.254 
T1 0.825 
T2 0.435 
T3 0.640 
T4 0.502 
T5 0.419 
T6 0.198 
T7 0.056 
T8 0.108 
T9 0.105 
T10 0.019* 
T11 0.000* 
T12 0.078 
T13 0.392 
L1 0.054 
L2 0.069 
L3 0.351 
L4 0.017* 
L5 0.015* 
L6 0.220 
S1 0.146 
   *statistically significant at the 0.05 level 
Table 4.237: Chi-square results for 
osteophytosis at L2 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.190 
C4 0.665 
C5 0.593 
C6 0.800 
C7 0.093 
T1 0.534 
T2 0.379 
T3 0.078 
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T4 0.164 
T5 0.297 
T6 0.258 
T7 0.419 
T8 0.019* 
T9 0.007* 
T10 0.002* 
T11 0.002* 
T12 0.238 
T13 0.599 
L1 0.180 
L2 0.892 
L3 0.062 
L4 0.299 
L5 0.348 
L6 0.188 
S1 0.638 
   *statistically significant at the 0.05 level 
Table 4.238: Chi-square results for 
osteophytosis at L3 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.060 
C4 0.549 
C5 0.964 
C6 0.250 
C7 0.681 
T1 0.450 
T2 0.111 
T3 0.021* 
T4 0.072 
T5 0.850 
T6 0.635 
T7 0.360 
T8 0.418 
T9 0.659 
T10 0.858 
T11 0.913 
T12 0.307 
T13 0.659 
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L1 0.075 
L2 0.476 
L3 0.230 
L4 0.559 
L5 0.281 
L6 0.612 
S1 0.238 
   *statistically significant at the 0.05 level 
Table 4.239: Chi-square results for 
osteophytosis at L4 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.450 
C4 0.528 
C5 0.885 
C6 0.077 
C7 0.194 
T1 0.236 
T2 0.192 
T3 0.833 
T4 0.037* 
T5 0.420 
T6 0.017* 
T7 0.309 
T8 0.523 
T9 0.744 
T10 0.571 
T11 0.662 
T12 0.055 
T13 0.392 
L1 0.019* 
L2 0.018* 
L3 0.241 
L4 0.024* 
L5 0.082 
L6 0.738 
S1 0.299 
   *statistically significant at the 0.05 level 
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Table 4.240: Chi-square results for 
osteophytosis at L5 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.404 
C4 0.755 
C5 0.598 
C6 0.516 
C7 0.860 
T1 0.163 
T2 0.399 
T3 0.576 
T4 0.187 
T5 0.391 
T6 0.284 
T7 0.830 
T8 0.522 
T9 0.897 
T10 0.897 
T11 0.575 
T12 0.597 
T13 0.599 
L1 0.068 
L2 0.233 
L3 0.340 
L4 0.297 
L5 0.864 
L6 0.850 
S1 0.750 
   *statistically significant at the 0.05 level 
Table 4.241: Chi-square results for 
osteophytosis at L6 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.241 
C4 0.431 
C5 0.738 
C6 - 
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C7 - 
T1 0.817 
T2 0.943 
T3 0.091 
T4 - 
T5 0.697 
T6 - 
T7 0.697 
T8 0.697 
T9 0.697 
T10 0.697 
T11 - 
T12 - 
T13 - 
L1 0.267 
L2 0.626 
L3 0.375 
L4 0.375 
L5 0.375 
L6 0.589 
S1 0.626 
   *statistically significant at the 0.05 level 
Table 4.242: Chi-square results for 
osteophytosis at S1 and laminal spurs for 
vertebra C1-S1. 
Vertebrae p-values 
C1 - 
C2 - 
C3 0.006* 
C4 0.577 
C5 0.185 
C6 0.699 
C7 0.711 
T1 0.044* 
T2 0.541 
T3 0.797 
T4 0.197 
T5 0.174 
T6 0.325 
T7 0.197 
T8 0.296 
T9 0.586 
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T10 0.317 
T11 0.814 
T12 0.534 
T13 0.392 
L1 0.033* 
L2 0.264 
L3 0.036* 
L4 0.266 
L5 0.522 
L6 0.445 
S1 0.248 
   *statistically significant at the 0.05 level 
Table 4.243: Chi-square results for laminal spurs of C3 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.608 0.608 
C2 0.604 0.305 
C3 0.266 0.572 
C4 0.001* 0.255 
C5 0.060 0.017* 
C6 0.479 0.022* 
C7 0.813 0.791 
T1 0.628 0.648 
T2 0.506 0.778 
T3 0.641 0.605 
T4 0.582 0.207 
T5 0.834 0.141 
T6 0.558 0.506 
T7 0.354 0.759 
T8 0.171 0.797 
T9 0.173 0.698 
T10 0.392 0.603 
T11 0.637 0.691 
T12 0.733 0.289 
T13 0.223 0.513 
L1 0.881 0.391 
L2 0.598 0.102 
L3 0.465 0.496 
L4 0.408 0.784 
L5 0.391 0.540 
L6 0.569 - 
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S1 0.877 - 
                     *statistically significant at the 0.05 level 
Table 4.244: Chi-square results for laminal spurs of C4 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 - 0.717 
C2 0.716 0.746 
C3 0.790 0.048* 
C4 0.000* 0.036* 
C5 0.079 0.245 
C6 0.099 0.076 
C7 0.686 0.015* 
T1 0.737 0.621 
T2 0.440 0.903 
T3 0.876 0.270 
T4 0.672 0.980 
T5 0.363 0.447 
T6 0.860 0.871 
T7 0.688 0.877 
T8 0.497 0.993 
T9 0.982 0.383 
T10 0.769 0.915 
T11 0.978 0.995 
T12 0.810 0.337 
T13 - - 
L1 0.198 0.275 
L2 0.411 0.994 
L3 0.985 0.825 
L4 0.629 0.347 
L5 0.860 0.907 
L6 0.640 - 
S1 0.595 - 
                     *statistically significant at the 0.05 level 
Table 4.245: Chi-square results for laminal spurs of C5 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.782 0.782 
C2 0.777 0.790 
C3 0.893 0.834 
C4 0.004* 0.005* 
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C5 0.930 0.733 
C6 0.903 0.008* 
C7 0.508 0.177 
T1 0.038* 0.921 
T2 0.815 0.936 
T3 0.953 0.437 
T4 0.871 0.153 
T5 0.782 0.543 
T6 0.933 0.716 
T7 0.678 0.376 
T8 0.033* 0.961 
T9 0.592 0.583 
T10 0.862 0.816 
T11 0.384 0.907 
T12 0.892 0.257 
T13 - - 
L1 0.672 0.671 
L2 0.607 0.730 
L3 0.836 0.080 
L4 0.052 0.467 
L5 0.585 0.797 
L6 0.753 - 
S1 0.198 - 
                     *statistically significant at the 0.05 level 
Table 4.246: Chi-square results for laminal spurs of C6 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.819 0.819 
C2 0.821 0.682 
C3 0.801 0.000* 
C4 0.256 0.579 
C5 0.422 0.490 
C6 0.715 0.931 
C7 0.935 0.675 
T1 0.416 0.957 
T2 0.878 0.852 
T3 0.914 0.909 
T4 0.924 0.834 
T5 0.620 0.850 
T6 0.769 0.709 
T7 0.257 0.283 
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T8 0.940 0.496 
T9 0.244 0.526 
T10 0.782 0.087 
T11 0.099 0.632 
T12 0.598 0.693 
T13 - - 
L1 0.552 0.578 
L2 0.242 0.896 
L3 0.142 0.425 
L4 0.764 0.002* 
L5 0.424 0.741 
L6 - - 
S1 0.027* - 
                     *statistically significant at the 0.05 level 
Table 4.247: Chi-square results for laminal spurs of C7 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.804 0.804 
C2 0.807 0.055 
C3 0.345 0.901 
C4 0.717 0.989 
C5 0.404 0.090 
C6 0.011* 0.126 
C7 0.273 0.000* 
T1 0.009* 0.947 
T2 0.859 0.896 
T3 0.939 0.890 
T4 0.919 0.424 
T5 0.424 0.980 
T6 0.761 0.979 
T7 0.989 0.354 
T8 0.987 0.893 
T9 0.084 0.477 
T10 0.353 0.676 
T11 0.129 0.397 
T12 0.243 0.453 
T13 - - 
L1 0.228 0.667 
L2 0.729 0.677 
L3 0.651 0.729 
L4 0.572 0.011* 
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L5 0.940 0.789 
L6 - - 
S1 0.068 - 
                     *statistically significant at the 0.05 level 
Table 4.248: Chi-square results for laminal spurs of T1 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.259 0.374 
C2 0.378 0.380 
C3 0.814 0.346 
C4 0.721 0.382 
C5 0.114 0.951 
C6 0.630 0.849 
C7 0.707 0.417 
T1 0.307 0.254 
T2 0.334 0.688 
T3 0.659 0.881 
T4 0.457 0.567 
T5 0.791 0.667 
T6 0.502 0.423 
T7 0.869 0.514 
T8 0.314 0.571 
T9 0.922 0.678 
T10 0.954 0.089 
T11 0.010* 0.034* 
T12 0.844 0.463 
T13 0.269 0.687 
L1 0.254 0.366 
L2 0.233 0.436 
L3 0.548 0.037* 
L4 0.021* 0.804 
L5 0.982 0.094 
L6 0.488 - 
S1 0.069 - 
                     *statistically significant at the 0.05 level 
Table 4.249 Chi-square results for laminal spurs of T2 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.530 0.110 
C2 0.103 0.071 
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C3 0.585 0.163 
C4 0.420 0.722 
C5 0.165 0.819 
C6 0.762 0.352 
C7 0.660 0.259 
T1 0.008* 0.754 
T2 0.745 0.607 
T3 0.727 0.652 
T4 0.969 0.761 
T5 0.199 0.844 
T6 0.493 0.225 
T7 0.235 0.207 
T8 0.465 0.060 
T9 0.953 0.754 
T10 0.432 0.015* 
T11 0.021* 0.074 
T12 0.032* 0.524 
T13 0.472 0.153 
L1 0.802 0.392 
L2 0.891 0.324 
L3 0.789 0.284 
L4 0.159 0.409 
L5 0.937 0.629 
L6 0.335 - 
S1 0.110 - 
                     *statistically significant at the 0.05 level 
Table 4.250: Chi-square results for laminal spurs of T3 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.736 0.736 
C2 0.740 0.309 
C3 0.535 0.000* 
C4 0.019* 0.903 
C5 0.831 0.670 
C6 0.227 0.646 
C7 0.723 0.764 
T1 0.219 0.021* 
T2 0.138 0.002* 
T3 0.061 0.153 
T4 0.264 0.770 
T5 0.531 0.862 
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T6 0.525 0.627 
T7 0.432 0.108 
T8 0.310 0.591 
T9 0.437 0.389 
T10 0.312 0.815 
T11 0.607 0.241 
T12 0.837 0.914 
T13 0.472 0.153 
L1 0.782 0.595 
L2 0.085 0.909 
L3 0.906 0.317 
L4 0.667 0.877 
L5 0.743 0.671 
L6 - - 
S1 0.313 - 
                     *statistically significant at the 0.05 level 
Table 4.251: Chi-square results for laminal spurs of T4 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.812 0.000* 
C2 0.000* 0.655 
C3 0.854 0.540 
C4 0.486 0.989 
C5 0.957 0.581 
C6 0.781 0.814 
C7 0.264 0.891 
T1 0.623 0.001* 
T2 0.021* 0.000* 
T3 0.013* 0.003* 
T4 0.000* 0.477 
T5 0.605 0.280 
T6 0.998 0.465 
T7 0.057 0.769 
T8 0.122 0.866 
T9 0.700 0.493 
T10 0.071 0.679 
T11 0.972 0.501 
T12 0.840 0.669 
T13 - - 
L1 0.886 0.573 
L2 0.030* 0.135 
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L3 0.154 0.393 
L4 0.875 0.069 
L5 0.006* 0.800 
L6 - - 
S1 0.762 - 
                     *statistically significant at the 0.05 level 
Table 4.252: Chi-square results for laminal spurs of T5 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.797 0.797 
C2 0.800 0.712 
C3 0.889 0.407 
C4 0.746 0.001* 
C5 0.001* 0.846 
C6 0.967 0.310 
C7 0.785 0.001* 
T1 0.660 0.000* 
T2 0.004* 0.000* 
T3 0.020* 0.025* 
T4 0.136 0.000* 
T5 0.010* 0.002* 
T6 0.006* 0.067 
T7 0.037* 0.544 
T8 0.425 0.841 
T9 0.525 0.186 
T10 0.820 0.719 
T11 0.516 0.022* 
T12 0.006* 0.887 
T13 0.741 0.301 
L1 0.544 0.559 
L2 0.057 0.165 
L3 0.889 0.802 
L4 0.687 0.480 
L5 0.594 0.846 
L6 0.764 - 
S1 0.647 - 
                     *statistically significant at the 0.05 level 
Table 4.253: Chi-square results for laminal spurs of T6 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
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C1 0.789 0.789 
C2 0.793 0.331 
C3 0.311 0.458 
C4 0.104 0.001* 
C5 0.001* 0.191 
C6 0.323 0.838 
C7 0.810 0.002* 
T1 0.692 0.000* 
T2 0.006* 0.002* 
T3 0.085 0.579 
T4 0.172 0.009* 
T5 0.129 0.017* 
T6 0.018* 0.033* 
T7 0.007* 0.059 
T8 0.007* 0.273 
T9 0.171 0.034* 
T10 0.096 0.018* 
T11 0.183 0.008* 
T12 0.128 0.731 
T13 - - 
L1 0.700 0.705 
L2 0.058 0.221 
L3 0.493 0.480 
L4 0.685 0.712 
L5 0.089 0.366 
L6 - - 
S1 0.600 - 
                     *statistically significant at the 0.05 level 
Table 4.254: Chi-square results for laminal spurs of T7 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.848 0.848 
C2 0.850 0.749 
C3 0.722 0.769 
C4 0.433 0.000* 
C5 0.000* 0.837 
C6 0.956 0.948 
C7 0.934 0.000* 
T1 0.327 0.000* 
T2 0.000* 0.000* 
T3 0.003* 0.259 
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T4 0.029* 0.018* 
T5 0.023* 0.003* 
T6 0.000* 0.000* 
T7 0.000* 0.004* 
T8 0.006* 0.016* 
T9 0.006* 0.001* 
T10 0.000* 0.029* 
T11 0.064 0.235 
T12 0.204 0.099 
T13 - - 
L1 0.506 0.464 
L2 0.038* 0.033* 
L3 0.430 0.391 
L4 0.569 0.128 
L5 0.096 0.697 
L6 0.764 - 
S1 0.886 - 
                     *statistically significant at the 0.05 level 
Table 4.255: Chi-square results for laminal spurs of T8 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.848 0.000* 
C2 0.000* 0.748 
C3 0.720 0.767 
C4 0.430 0.000* 
C5 0.905 0.851 
C6 0.964 0.952 
C7 0.941 0.000* 
T1 0.931 0.039* 
T2 0.016* 0.913 
T3 0.896 0.258 
T4 0.029* 0.212 
T5 0.529 0.009* 
T6 0.138 0.116 
T7 0.127 0.004* 
T8 0.000* 0.223 
T9 0.103 0.225 
T10 0.108 0.381 
T11 0.203 0.255 
T12 0.049* 0.000* 
T13 - - 
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L1 0.062 0.006* 
L2 0.005* 0.009* 
L3 0.021* 0.026* 
L4 0.761 0.097 
L5 0.496 0.925 
L6 0.764 - 
S1 0.607 - 
                     *statistically significant at the 0.05 level 
Table 4.256: Chi-square results for laminal spurs of T9 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.858 0.858 
C2 0.861 0.697 
C3 0.646 0.700 
C4 0.345 0.901 
C5 0.863 0.816 
C6 0.943 0.944 
C7 0.925 0.000* 
T1 0.943 0.021* 
T2 0.008* 0.928 
T3 0.913 0.799 
T4 0.836 0.900 
T5 0.906 0.549 
T6 0.153 0.285 
T7 0.370 0.378 
T8 0.049* 0.698 
T9 0.366 0.202 
T10 0.194 0.302 
T11 0.192 0.207 
T12 0.027* 0.000* 
T13 - - 
L1 0.033* 0.001* 
L2 0.001* 0.012* 
L3 0.012* 0.369 
L4 0.802 0.486 
L5 0.718 0.733 
L6 0.764 - 
S1 0.902 - 
                     *statistically significant at the 0.05 level 
Table 4.257: Chi-square results for laminal spurs of T10 and 
Schmorl’s nodes for vertebra C1-S1. 
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Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.869 0.869 
C2 0.871 0.622 
C3 0.549 0.608 
C4 0.252 0.837 
C5 0.000* 0.753 
C6 0.903 0.922 
C7 0.891 0.000* 
T1 0.954 0.009* 
T2 0.003* 0.942 
T3 0.930 0.834 
T4 0.866 0.278 
T5 0.309 0.022* 
T6 0.004* 0.009* 
T7 0.038* 0.371 
T8 0.232 0.576 
T9 0.208 0.003* 
T10 0.003* 0.190 
T11 0.160 0.120 
T12 0.183 0.003* 
T13 - - 
L1 0.013* 0.000* 
L2 0.000* 0.003* 
L3 0.004* 0.232 
L4 0.830 0.373 
L5 0.079 0.778 
L6 0.764 - 
S1 0.904 - 
                     *statistically significant at the 0.05 level 
Table 4.258: Chi-square results for laminal spurs of T11 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.869 0.869 
C2 0.860 0.701 
C3 0.651 0.704 
C4 0.350 0.904 
C5 0.866 0.819 
C6 0.906 0.923 
C7 0.926 0.000* 
T1 0.942 0.022* 
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T2 0.008* 0.927 
T3 0.912 0.885 
T4 0.862 0.313 
T5 0.906 0.769 
T6 0.692 0.771 
T7 0.377 0.422 
T8 0.061 0.904 
T9 0.879 0.210 
T10 0.179 0.094 
T11 0.192 0.006* 
T12 0.017* 0.023* 
T13 - - 
L1 0.000* 0.001* 
L2 0.002* 0.014* 
L3 0.008* 0.383 
L4 0.495 0.598 
L5 0.689 0.903 
L6 - - 
S1 0.901 - 
                     *statistically significant at the 0.05 level 
Table 4.259: Chi-square results for laminal spurs of T12 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.775 0.775 
C2 0.785 0.772 
C3 0.894 0.554 
C4 0.810 0.338 
C5 0.263 0.373 
C6 0.574 0.865 
C7 0.495 0.004* 
T1 0.800 0.358 
T2 0.207 0.778 
T3 0.737 0.760 
T4 0.737 0.760 
T5 0.758 0.943 
T6 0.659 0.982 
T7 0.690 0.199 
T8 0.266 0.749 
T9 0.847 0.938 
T10 0.139 0.313 
T11 0.052 0.446 
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T12 0.017* 0.010* 
T13 - - 
L1 0.458 0.022* 
L2 0.272 0.189 
L3 0.391 0.980 
L4 0.734 0.661 
L5 0.668 0.256 
L6 - - 
S1 0.861 - 
                     *statistically significant at the 0.05 level 
Table 4.260: Chi-square results for laminal spurs of T13 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 - - 
C2 - - 
C3 - - 
C4 - 0.576 
C5 0.576 0.576 
C6 - 0.025* 
C7 - 0.576 
T1 - - 
T2 - 0.025* 
T3 0.025* - 
T4 0.576 - 
T5 - 0.576 
T6 0.576 0.361 
T7 0.361 0.659 
T8 0.659 0.361 
T9 0.576 0.659 
T10 0.659 0.361 
T11 0.392 0.659 
T12 0.659 0.171 
T13 0.659 0.392 
L1 0.361 - 
L2 0.576 0.576 
L3 0.361 0.576 
L4 0.576 0.576 
L5 0.576 0.392 
L6 - - 
S1 0.576 - 
                     *statistically significant at the 0.05 level 
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Table 4.261: Chi-square results for laminal spurs of L1 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.581 0.581 
C2 0.589 0.528 
C3 0.790 0.818 
C4 0.294 0.791 
C5 0.789 0.335 
C6 0.532 0.343 
C7 0.225 0.200 
T1 0.585 0.783 
T2 0.582 0.534 
T3 0.640 0.329 
T4 0.207 0.168 
T5 0.094 0.386 
T6 0.345 0.384 
T7 0.888 0.657 
T8 0.927 0.201 
T9 0.276 0.859 
T10 0.878 0.406 
T11 0.491 0.211 
T12 0.481 0.017* 
T13 0.741 0.301 
L1 0.213 0.810 
L2 0.642 0.233 
L3 0.561 0.189 
L4 0.308 0.825 
L5 0.247 0.000* 
L6 0.764 - 
S1 0.682 - 
                     *statistically significant at the 0.05 level 
Table 4.262: Chi-square results for laminal spurs of L2 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.503 0.133 
C2 0.121 0.556 
C3 0.964 0.547 
C4 0.310 0.430 
C5 0.255 0.554 
C6 0.382 0.569 
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C7 0.595 0.257 
T1 0.092 0.360 
T2 0.816 0.305 
T3 0.124 0.034* 
T4 0.021* 0.578 
T5 0.351 0.848 
T6 0.987 0.580 
T7 0.626 0.025* 
T8 0.067 0.397 
T9 0.353 0.146 
T10 0.221 0.052 
T11 0.207 0.267 
T12 0.651 0.462 
T13 0.472 0.050* 
L1 0.110 0.624 
L2 0.170 0.170 
L3 0.850 0.023* 
L4 0.315 0.730 
L5 0.887 0.070 
L6 0.657 - 
S1 0.624 - 
                     *statistically significant at the 0.05 level 
Table 4.263: Chi-square results for laminal spurs of L3 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.308 0.308 
C2 0.310 0.280 
C3 0.935 0.575 
C4 0.480 0.466 
C5 0.156 0.209 
C6 0.546 0.264 
C7 0.116 0.197 
T1 0.034* 0.721 
T2 0.304 0.574 
T3 0.465 0.740 
T4 0.106 0.151 
T5 0.368 0.497 
T6 0.640 0.556 
T7 0.377 0.015* 
T8 0.091 0.302 
T9 0.831 0.108 
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T10 0.275 0.112 
T11 0.211 0.089 
T12 0.423 0.751 
T13 0.269 0.223 
L1 0.630 0.478 
L2 0.101 0.262 
L3 0.029* 0.020* 
L4 0.104 0.753 
L5 0.775 0.163 
L6 0.411 - 
S1 0.416 - 
                     *statistically significant at the 0.05 level 
Table 4.264: Chi-square results for laminal spurs of L4 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.363 0.363 
C2 0.368 0.360 
C3 0.896 0.340 
C4 0.641 0.610 
C5 0.515 0.416 
C6 0.356 0.856 
C7 0.159 0.734 
T1 0.266 0.389 
T2 0.332 0.782 
T3 0.985 0.052 
T4 0.070 0.652 
T5 0.305 0.689 
T6 0.943 0.254 
T7 0.818 0.104 
T8 0.417 0.297 
T9 0.767 0.085 
T10 0.118 0.018* 
T11 0.485 0.061 
T12 0.516 0.018* 
T13 0.050* 0.549 
L1 0.404 0.461 
L2 0.390 0.252 
L3 0.466 0.099 
L4 0.226 0.094 
L5 0.224 0.012* 
L6 0.335 - 
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S1 0.883 - 
                     *statistically significant at the 0.05 level 
Table 4.265: Chi-square results for laminal spurs of L5 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.604 0.604 
C2 0.601 0.007* 
C3 0.736 0.549 
C4 0.288 0.354 
C5 0.164 0.039* 
C6 0.176 0.525 
C7 0.511 0.782 
T1 0.341 0.556 
T2 0.404 0.908 
T3 0.638 0.414 
T4 0.375 0.410 
T5 0.233 0.642 
T6 0.493 0.636 
T7 0.491 0.955 
T8 0.957 0.272 
T9 0.071 0.192 
T10 0.035* 0.242 
T11 0.091 0.325 
T12 0.468 0.207 
T13 0.741 0.301 
L1 0.493 0.342 
L2 0.482 0.335 
L3 0.139 0.210 
L4 0.993 0.713 
L5 0.803 0.941 
L6 0.411 - 
S1 0.844 - 
                     *statistically significant at the 0.05 level 
Table 4.266: Chi-square results for laminal spurs of L6 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 - - 
C2 - 0.569 
C3 0.569 0.569 
C4 - 0.070 
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C5 0.070 0.546 
C6 0.546 0.546 
C7 0.546 - 
T1 - - 
T2 - - 
T3 0.569 - 
T4 - 0.326 
T5 0.326 0.263 
T6 0.263 0.550 
T7 0.786 0.103 
T8 0.445 0.695 
T9 0.370 0.342 
T10 0.296 0.612 
T11 0.800 0.175 
T12 0.552 0.371 
T13 - - 
L1 0.557 0.326 
L2 0.279 0.120 
L3 0.279 0.569 
L4 0.631 0.786 
L5 0.047* 0.701 
L6 0.546 - 
S1 0.416 - 
                     *statistically significant at the 0.05 level 
Table 4.267: Chi-square results for laminal spurs of S1 and 
Schmorl’s nodes for vertebra C1-S1. 
Vertebrae Superior Surface p-
values 
Inferior Surface p-
values 
C1 0.613 0.613 
C2 0.611 0.310 
C3 0.741 0.565 
C4 0.599 0.371 
C5 0.450 0.762 
C6 0.682 0.542 
C7 0.701 0.365 
T1 0.658 0.671 
T2 0.526 0.894 
T3 0.779 0.400 
T4 0.519 0.312 
T5 0.357 0.853 
T6 0.125 0.091 
T7 0.566 0.963 
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T8 0.298 0.920 
T9 0.385 0.481 
T10 0.773 0.693 
T11 0.456 0.546 
T12 0.616 0.728 
T13 0.368 0.513 
L1 0.716 0.812 
L2 0.277 0.243 
L3 0.593 0.342 
L4 0.951 0.383 
L5 0.590 0.293 
L6 0.488 - 
S1 0.081 - 
                     *statistically significant at the 0.05 level 
 
Significant Results 
Table 4.268. Chi-square analyses of vertebral pathological conditions and 
sociodemographic risk factors (p-values). 
 Age Sex Ancestry Occupation 
Osteoporosis 0.010* (L3) 40+ 
years 
0.049* (T11) 
Male 
0.000* (T12) 
European 
American 
0.000* (L1) 
Labor-
intensive 
Osteoarthritis 0.001* (L5) 40+ 
years 
0.001* (L4) 
Females 
0.002 *(T12) 
European 
American 
0.014* (L5) 
Labor 
intensive 
Osteophytosis  0.000* (L4) 45+ 
years 
0.039* (L4) 
Males 
0.000* (T12) 
European 
American 
0.001* (L2) 
Labor-
intensive 
Schmorl's Nodes 0.001* (T3) 45+ 
years 
0.009* (T9) 
Males 
0.023* (T12) 
European 
American 
0.003* (T11) 
Labor-
intensive 
Spondylolysis 0.932 0.076 0.086 0.506 
Spondylolisthesis  0.192 0.001* 0.807 0.6 
Laminal Spurs 0.008* (L1) 40+ 
years 
0.005* (L3) 
Male 
0.017* (T12) 
African 
American 
0.032* (L3) 
Labor-
intensive 
       *statistically significant at the 0.05 level 
Table 4.269. Chi-square analyses of vertebral pathological conditions              
(p-values). 
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 *statistically significant at the 0.05 level 
 
 
Figure 4.1. The significance of OP scores for T12 and ancestry. 
 OP OA VO SNs ST SLT LS 
OP - 
0.000* 
(T12) 
0.002* 
(T7) 
0.002* 
(T12) 
0.003* 
(T10) 
0.007* 
(L5) 
0.004* 
(T11) 
OA 
0.000* 
(T12) - 
0.000* 
(L5) 
0.000* 
(L3) - 
0.006* 
(T9) 
0.000* 
(L3) 
VO 
0.002* 
(T7) 
0.000* 
(L5) - 
0.000* 
(L5) 
0.269 
(T12) 
0.023* 
(T8) 
0.017* 
(L4) 
SNs 
0.002* 
(T12) 
0.000* 
(L3) 
0.000* 
(L5) - 
0.013* 
(L1) 
0.042* 
(T5) 
0.006* 
(L5) 
ST 
0.003* 
(T10) 
0.004* 
(T1) 
0.269 
(T12) 
0.013* 
(L1) - 0.821 
0.009* 
(L5) 
SLT 
0.007* 
(L5) 
0.006* 
(T9) 
0.023* 
(T8) 
0.042* 
(T5) 0.821 - 
0.004* 
(T11) 
LS 
0.004* 
(T11) 
0.000* 
(L3) 
0.017* 
(L4) 
0.006* 
(L5) 
0.009* 
(L5) 
0.004* 
(T11) - 
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Figure 4.2. The significance of OP scores for L2 and occupation. 
Intraobserver Error 
Table 4.270. Intraobserver error 
results for osteoporosis, T1-L6. 
Vertebra % Exact % One-off 
Agreement 
T1 62% 100% 
T2 81% 100% 
T3 69% 92% 
T4 69% 100% 
T5 54% 96% 
T6 58% 92% 
T7 54% 92% 
T8 62% 88% 
T9 54% 92% 
T10 50% 92% 
T11 54% 100% 
T12 50% 100% 
T13 - - 
L1 50% 100% 
L2 62% 100% 
L3 46% 100% 
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L4 62% 100% 
L5 65% 100% 
L6 (3 cases) 67% 100% 
 
Table 4.271. Average intraobserver 
error results for osteoporosis, T1-L6.  
Vertebrae % Exact % One-off 
Agreement 
Thoracic 60% 95% 
Lumbar 59% 100% 
 
Table 4.272. Intraobserver error 
results for osteoarthritis, C1-S1.  
Vertebra % Exact % One-off 
Agreement 
C1 88% 96% 
C2 85% 100% 
C3 62% 100% 
C4 69% 100% 
C5 77% 96% 
C6 85% 96% 
C7 77% 100% 
T1 69% 100% 
T2 77% 100% 
T3 69% 96% 
T4 85% 100% 
T5 62% 100% 
T6 73% 100% 
T7 85% 100% 
T8 88% 100% 
T9 81% 100% 
T10 85% 100% 
T11 85% 100% 
T12 77% 100% 
T13 - - 
L1 58% 96% 
L2 62% 96% 
L3 54% 100% 
L4 69% 100% 
L5 73% 96% 
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L6 (3 cases) 67% 67% 
S1 73% 77% 
 
Table 4.273. Average intraobserver 
error results for osteoarthritis, C1-S1.  
Vertebrae % Exact % One-off 
Agreement 
Cervical 78% 98% 
Thoracic 78% 100% 
Lumbar 64% 93% 
Sacral 73% 77% 
 
Table 4.274. Intraobserver error 
results for osteophytosis, C1-S1.  
Vertebra % Exact % One-off 
Agreement 
C1 100% 100% 
C2 62% 96% 
C3 58% 96% 
C4 69% 96% 
C5 69% 96% 
C6 69% 96% 
C7 65% 100% 
T1 85% 100% 
T2 81% 100% 
T3 73% 96% 
T4 81% 96% 
T5 65% 85% 
T6 73% 96% 
T7 77% 100% 
T8 81% 100% 
T9 81% 100% 
T10 65% 100% 
T11 58% 100% 
T12 73% 100% 
T13 - - 
L1 50% 100% 
L2 58% 100% 
L3 42% 100% 
L4 54% 100% 
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L5 62% 92% 
L6 (3 cases) 33% 33% 
S1 50% 88% 
 
Table 4.275. Average intraobserver 
error results for osteophytosis, C1-S1.  
Vertebrae % Exact % One-off 
Agreement 
Cervical 70% 98% 
Thoracic 93% 97% 
Lumbar 50% 88% 
Sacral 50% 88% 
 
Table 4.276. Intraobserver error results for 
Schmorl’s Nodes, C1-S1.  
Vertebrae % Exact % One-off 
Agreement 
 Superior Inferior Superior Inferior 
C1 100% 100% 100% 100% 
C2 100% 85% 100% 85% 
C3 88% 92% 88% 92% 
C4 96% 92% 96% 92% 
C5 100% 100% 100% 100% 
C6 92% 96% 96% 96% 
C7 92% 100% 96% 100% 
T1 100% 100% 100% 100% 
T2 96% 100% 100% 100% 
T3 100% 100% 100% 100% 
T4 100% 96% 100% 96% 
T5 96% 96% 96% 96% 
T6 96% 88% 100% 92% 
T7 96% 77% 96% 85% 
T8 96% 96% 96% 96% 
T9 73% 100% 92% 100% 
T10 92% 88% 100% 100% 
T11 96% 81% 100% 96% 
T12 85% 88% 92% 96% 
T13 - - - - 
L1 92% 88% 96% 96% 
L2 88% 92% 100% 96% 
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L3 85% 85% 92% 96% 
L4 96% 85% 100% 92% 
L5 88% 88% 96% 88% 
L6 (3 
cases) 67% 33% 67% 33% 
S1 81% - 85% - 
 
Table 4.277. Average intraobserver error results 
for Schmorl’s Nodes, C1-S1.  
Vertebrae % Exact % One-off 
Agreement 
 Superior Inferior Superior Inferior 
Cervical 95% 95% 97% 95% 
Thoracic 94% 93% 98% 96% 
Lumbar 86% 77% 92% 84% 
Sacral 81% - 85% - 
 
Table 4.278. Intraobserver error 
results for laminal spurs, C1-S1.  
Vertebrae % Exact % One-off 
Agreement 
C1 100% 100% 
C2 100% 100% 
C3 73% 100% 
C4 65% 100% 
C5 77% 100% 
C6 92% 100% 
C7 88% 100% 
T1 73% 100% 
T2 85% 100% 
T3 92% 100% 
T4 100% 100% 
T5 100% 100% 
T6 92% 100% 
T7 100% 100% 
T8 96% 100% 
T9 96% 100% 
T10 100% 100% 
T11 96% 100% 
T12 85% 100% 
T13 - - 
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L1 92% 100% 
L2 85% 100% 
L3 62% 100% 
L4 54% 100% 
L5 73% 100% 
L6 (3 cases) 67% 100% 
S1 85% 100% 
 
Table 4.279. Average intraobserver 
error results for laminal spurs, C1-S1.  
Vertebrae % Exact % One-off 
Agreement 
Cervical 85% 100% 
Thoracic 93% 100% 
Lumbar 72% 100% 
Sacral 85% 100% 
 
 
Conclusion 
 In conclusion, a multivariable analysis was used to view possible correlations 
between vertebral OP, SNs OA, VO, SL, SLT, LS, and sociodemographic risk factors, 
age, sex, ancestry, and occupation, due to the large number of variables examined in this 
study with the use of chi-squared analyses. Also, a cohen’s kappa statistical test was run 
to test the amount of intraobserver error with 10% of my sample (n = 26) for percent 
exact and percent one-off agreement.   
 
CHAPTER FIVE: DISCUSSION 
Introduction 
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 The identification of vertebral pathological conditions is difficult in skeletonized 
human remains. Most of the processes for identifying pathological conditions in 
skeletonized human remains involve macroscopic visual assessments, typically with the 
use of subjective ordinal scores, or with the use of expensive and potentially destructive 
processes like radiographs, DNA or genetic testing. Macroscopically examining human 
skeletal remains for pathological conditions is more readily available, less expensive, and 
does not require specialists to run specific tests, in comparison to radiographs or genetic 
testing. This makes it difficult to research vertebral pathological conditions, overall 
hindering the amount of available previous research; especially for OP, SL, SLT, and LS. 
The purpose for this research was to examine them in skeletal remains and identify any 
potential correlations for their development and sociodemographic risk factors: sex, age, 
ancestry, and occupation.  
 
Osteoporosis 
 In previous research, females were seen to develop OP more frequently than 
males (Brickely 2002; Genant et al. 1996; Szulc et al. 2000). It was evident from the 
results for this research that males had a higher prevalence of developing OP, which 
contradicts with what was suggested in previous research.      
 Genant et al. (1996) examined only females over the age of 65 years in their 
research. This was due to previous research indicating the higher likelihood for the 
development of OP among females in comparison to males. Brickely (2002) and Szulc et 
al. (2000) viewed only OP in their studies, but both concluded that females were more 
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likely to develop OP rather than males after menopause due to hormonal differences, 
which was not found in the current research. However, Mays et al. (2006) found that 
males have higher bone mass density compared to females, indicating that males are less 
likely to develop in comparison to females (Mays et al. 2006), which does not support the 
findings for this research. Due to all of the previous research indicating that females have 
a higher chance for the development of OP brings the results for this correlation to 
question. The author believes that this finding might have to do with the low number of 
females available in the sample. Also, the study collection is modern, which brings the 
question of women potentially having knowledge of their chances of developing OP, 
ultimately pushing them to increase their levels of calcium intake to lower the risk of OP. 
These potential constraints need to be further evaluated in future research.    
 European Americans were seen to have a higher prevalence for the development 
of OP than African Americans. This agrees with previous research; for example, Mays et 
al. (2006) found that populations of European ancestry are more at risk for osteoporosis 
compared to those of African ancestry. Nelson et al. (1991) previously determined that 
OP does not seem to select for any particular ancestral group, although other studies have 
shown African Americans have a higher bone mass than European Americans; indicating 
that European Americans have more bone to be lost before osteoporosis is visible 
(citations). Genant et al. (1996) excluded African Americans from their study due to 
previous research stating that this ancestral group had a lower incidence of osteoporotic 
fractures. Aloia (2008) stated that African Americans generally show higher bone mineral 
density than European Americans, indicating a higher likelihood for European Americans 
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to develop OP in comparison to African Americans. Stini (1990) indicated from his 
research that there are population differences of calcium intake throughout the world, 
with individuals in Japan with ~300mg/day, and India as high as 1,300 mg/day. Also, 
African Americans seem to have a more superior peak bone mass, and lower rate of bone 
loss, as well as a greater muscle mass in comparison to individuals of European or Asian 
derivation, therefore, indicating a lower likelihood for degrative OP (Stini 1990).   
 There were significant p-values seen between the correlation of age and OP 
among individuals 40 years and older than younger individuals (<40 years). This 
coincides with previous research showing a higher prevalence in older individuals. For 
example, Brickely (2002) and Szulc et al. (2000) viewed only OP, but both studies 
concluded that females were more likely to develop OP rather than males after 
menopause due to hormonal differences, which indicates an age of 50 years or older in 
females. Furthermore, Van Schoor et al. (2004) examined the association of vertebral 
deformities with fractures and mortality.  Many of the individuals with OP had a higher 
risk for the development of OA at about 75.8 years of age. Overall, previous research 
supports the findings that older individuals have a higher likelihood for the development 
of OP.            
 There was minimal previous research that discussed the relationship between OP 
and occupation or strenuous activities. The current research resulted in a correlation in 
the development of OP and labor-intensive occupations. Curate et al. (2016) examined 
OP among a human skeletal sample that consisted of only blue-collar workers with low 
socioeconomic statues, indicating labor-intensive occupations among the study sample. 
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This indicates the need for more research on the development of OP and potential 
occupational or strenuous activity factors.          
       
Osteoarthritis 
 Both males and females were seen to develop OA; however, the majority of 
females exhibited higher ordinal scores which indicates a higher severity of OA. This 
indicates that there may have been a higher level of development for OA for females. In 
previous research, Jones and Doherty (1995) and Kitahara et al. (2013) concluded that 
OA was more prevalent in females. The results of this current research coincide with 
their previous assessments that females have a higher prevalence in the development of 
OA rather than males.         
 There are significant statistical results seen between ancestry and OA. This 
indicates that European Americans have a higher prevalence of development of OA 
rather than African Americans. There was not much previous research that supports this 
observation; however, Jones and Doherty (1995) and Kitahara et al. (2013) concluded 
that some types of OA are not seen in African American or Malaysian individuals in 
comparison to European Americans.       
 The results had shown that individuals 40 years or older had a higher likelihood to 
develop OA. This does not agree with previous research; for example, Lovell (1994) 
examined OA and VO in a prehistoric population of the Indus Valley civilization. It was 
concluded that there was no visible correlation between age and the frequency of VO and 
OA formations on the vertebrae (Lovell 1994). However, Nocak and Slaus (2011) 
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concluded from their previous research on Croatian populations (Korivno and Sisak) that 
there was a correlation between increased age and the development of OA.   
 The results of this study indicate that non-labor and labor-intensive occupations 
have a prevalence to develop a small degree of OA (scores of 1 = slight lipping and 
pitting on facet joints (10%) on the vertebrae, or slight lipping on the centrum). However, 
the majority of the labor-intensive occupation individuals had a higher prevalence of a 
more severe manifestations of OA, with higher scores 2+. Previous research done on 
potential correlations with occupation and the development of OA are nonexistent. Listi 
and Manhein (2012) examined differed OA development for cervical, thoracic, and 
lumbar vertebrae. The authors concluded that these differences were due to the 
differences in etiology among the pathological condition and could signify that a 
common stressor would produce a multifaceted response, or that the degenerative 
changes from multiple stressors will progress at similar rates. In other words, multiple 
stressors from general labor can progress the development of OA indicating a correlation 
between occupation or strenuous activities and the development of OA.      
 
Osteophytosis 
 In this study, VO had significant p-values that indicate European Americans had a 
higher prevalence of developing VO than African Americans. Since the majority of the 
previous research done on VO has been paired with research done on OA, one can 
conclude that this result is due to the higher bone mass of African Americans compared 
to European Americans, making bone loss or deformation take longer among African 
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Americans (Aloia 2008; Stini 1990).         
 Low p-values (<0.05) were seen between occupation and VO. These results 
indicate that non-labor and labor-intensive occupations have a prevalence to develop a 
small degree of VO (scores of 1 = slight lipping and pitting on facet joints (10%) on the 
vertebrae, or slight lipping on the centrum). However, the majority of the labor-intensive 
occupation individuals had a higher prevalence of a more severe manifestations of VO, 
with higher scores 2+, which occurred with the correlation between OA and occupation 
as well. The previous research VO for correlations with occupation are nonexistent, 
similar to previous research on OA. However, Listi and Manhein (2012) concluded that 
the differences in etiology among the two pathologies (OA and VO) could signify that a 
common stressor will produce a multifaceted response, or that the degenerative changes 
from multiple stressors will progress at similar rates. In other words, multiple stressors 
from general labor can progress the development of VO.      
 Males were seen to have a higher correlation for the development of VO in 
comparison to females, which differs from OA development, which was seen to correlate 
with females. This is interesting since both of these pathological conditions are typically 
studied together due to similarities in growth. There is no previous research that indicates 
a preference in sex for the development of VO.       
 Individuals 45 years and older seemed to have a higher prevalence for the 
development of VO.  This contradicts Lovell’s (1994) conclusions, where there was no 
correlation between age and the frequency of VO formations on the vertebrae when the 
skeletal remains of the Urban Indus Valley civilization were examined. However, Nocak 
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and Slaus (2011) documented correlations between increased age and the development of 
VO in their previous research on the Modern period of the Croatian populations.   
       
Schmorl’s Nodes 
For SNs, males had a higher chance of development in comparison to females. 
Males typically had a score of 2 (lesions of less than 2 mm in depth that cover at least 
half of the anteroposterior length of the vertebral body), or a 3 (lesions exceeding the 
parameters of the previous stage in depth or length), where the majority of females had a 
score of 1 (healthy vertebra). This observation was not seen with SNs in previous 
research. For example, Plomp et al. (2012) studied SNs from four different English 
skeletal populations in the late Medieval period and observed that both sexes were 
equally likely to develop SNs. However, the authors were not able to conclude why both 
sexes were equally affected. Burke (2012) examined SNs in an American military 
population of all males, and was able to come to some conclusions, which indicates that 
there was a high number of development of SNs among the men of the American 
military.           
 Similarly, SNs had p-values less than 0.05. This observation indicates that 
European Americans have a higher prevalence of developing SNs than African 
Americans. Burke (2012) concluded from her study that trauma, old age, disease, or 
intrinsic factors can cause SNs. She did not examine any potential ancestral correlation 
for the development of SNs. There is a lack of previous research that specifically 
examines the potential correlation or preference in sex for the development of SNs. 
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 Age is correlated with the development of SNs as well. This result indicates that 
individuals over the age of 45 years have a higher prevalence for developing SNs than 
those younger than 45 years of age. These conclusions coincide with Burke’s (2012) 
study. She examined SNs in an American military population to view the frequency of 
the formation and etiology of this pathological condition. She concluded old age was one 
of the factors for the case and development of SNs. However, Nocak and Slaus (2011) 
viewed SNs, VO, and OA among the Croatian populations.  Within their study there was 
a correlation between increased age, VO, and OA.  However, SNs frequencies did not 
correlate with an increase in age. This warrants the need for further investigation.   
 Lastly, significant p-values (<0.05) were seen between the correlation of 
occupation and SNs. The results indicate that individuals with labor-intensive 
occupations have a higher prevalence for developing larger SNs, with a score of 3 with 
lesions greater than 2 mm in depth that cover at least half of the anteroposterior length of 
the vertebral body. Individuals with non-labor-intensive occupations still had a 
prevalence of developing SNs, with a score of just 2 (lesions of less than 2 mm in depth 
that cover at least half of the anteroposterior length of the vertebral body) relatively. This 
coincides with Burke’s (2012) study where she stated that SNs were potentially caused 
by repetitive stress, flexion of the vertebral column, and lifting heavy objects. 
   
Spondylolysis 
 There were no significant correlations seen in this current research in relation to 
age, sex, ancestry, and occupation for SL. This contradicts all previous research on this 
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pathological condition. Merbs (2002) examined SL in Inuit from Artic Canada, and 
concluded that young to middle adults were the most affected by SL. However, Weiss 
(2009) examined skeletal remains in pre-contact San Francisco Bay populations and 
concluded that SL was more prevalent in older individuals but also can affect younger 
individuals too. Basically, SL can affect anyone, young or old, based on Merbs (2002) 
and Weiss (2009) studies. Eisenstein (1978) had a similar conclusion from his study on 
Modern South African (European and African ancestries) population. He concluded that 
there was no visible prevalence for the development of SL in the age range of 20-79 
years. He was also able to conclude that females had a higher incidence of SL than males, 
which was not supported by the current research (Eisenstein 1978).  
 
Spondylolisthesis  
There was a highly significant correlation seen between sex and SLT, indicating a 
higher level of development in females. This is interesting due to the lack of previous 
research. The only individual who thoroughly examined SLT on skeletal remains was 
Merbs (2001) on Native American skeletal remains from historic New Mexico Pueblo 
sites. Females were seen to have a higher chance of developing SLT than males, which 
was previously thought to be due to childbearing (Merbs 2001).  This further supports 
this visible correlation for the development of SLT among females. No other significant 
correlations were seen between SLT and age, ancestry, or occupations.  
 
Laminal Spurs 
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There is minimal previous research or even mention of this pathological 
condition, let alone any discussion on how it correlates with sociodemographic risk 
factors.  For this current research, LS were scored based of the absence or presence, 
which had shown that African Americans were seen to have a higher presence or 
development of LS on the vertebrae than European Americans. The results also consisted 
of significant correlation between age and the development of LS, which has not been 
studied or mentioned in previous research. Individuals 40 years or older were seen to 
have a higher prevalence of development/presence of LS than those younger than the age 
of 40 years. Males were seen to have a higher correlation for the development of this 
pathological condition as well in comparison to females. Lastly, LS was seen to correlate 
with strenuous activities and occupations as well, which indicates the start of LS research 
to understand the overall etiology for this pathological condition.   
 
Significance in Pathology Development   
Lovell (1994) examined vertebral osteoarthritis and osteophytosis in prehistoric 
inhabitants of the Harappa, or the Urban Indus Valley civilization. Lovell (1994) did not 
find a correlation between age and the frequency of osteophytosis and osteoarthritic 
formations on the vertebrae. However, Listi and Manhein (2012) examined 104 
individuals to examine the association between the two pathologies. Nocak and Slaus 
(2011) viewed SNs, osteophytosis and OA in Croatian populations.  In particular, they 
found a correlation between increased age, osteophytosis, and OA.  Knusel et al. (1997) 
examined spondylolysis, OA, osteophytosis, and SNs. Lastly, Merbs (2001) found a 
 266 
correlation between spondylolisthesis, OA, and osteophyte formation in historic skeletons 
from New Mexico sites. Merbs’ (2001) study explained how spondylolisthesis, if not 
treated, can cause OA among individuals over 40 years of age.    
 There were many significant p-values (<0.05) when correlating each of the 
pathological conditions to each other. This further indicates that the Overall, the results of 
this study support the three proposed hypotheses: that there are correlations between OP 
and other vertebral pathologies; that occupation influences their expression; and that 
there are ancestral differences in the expression of vertebral pathologies. 
 
Intraobserver Error          
 With 10% of the sample (n=24), potential intraobserver error was examined for 
all of the pathological conditions (OP, OA, VO, SNs, SL, SLT, LS). Some variation was 
seen between the exact percentage between the initial examination and the intraobserver 
examination; however, for one-one agreement, the majority of them were above 80%. 
There were differences between the exact percentage for intraobserver error due to all of 
the ordinal scores for the pathological conditions being so subjective, especially the 
scores in the middle (a score of a 2 or a 3). This error indicates the need for altering the 
methods slightly or adding more descriptive elements to better represent the proper in-
between ordinal scores for each pathological condition. The one-off agreement analysis 
had shown that there were not many differences for intraobserver macroscopic scores 
overall.  
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Conclusion 
The majority of previous research addressing vertebral pathological conditions 
usually examined only one specific pathology (OA, SL, SLT, SNs, VO, and LS) in 
addition to sociodemographic risk factors (sex, age, ancestry, and occupation), and they 
generally lack answers regarding who are more likely to develop the pathological 
conditions and their etiologies (Brickley 2002; Burke 2012; Curate et al. 2016; Genant et 
al. 1996; Jones and Doherty 1995; Kitahara et al. 2013; Knusel et al. 1997; Lovell 1994; 
Merbs 2001; Nocak and Slaus 2011; Plomp et al. 2012; Szulc et al. 2000; Van Schoor et 
al. 2004; Weiss 2009). This overall indicates the need for more research for possible 
developmental correlation among the vertebral pathological conditions, as well as the 
possible correlations among the pathological conditions and sociodemographic risk 
factors. Overall, this study examined developmental correlation between vertebral 
pathological conditions and seen sociodemographic risk correlations as well, which could 
further aid in forensic identification purposes of human skeletal remains.   
 
 
CHAPTER SIX: CONCLUSION 
Introduction 
 Osteoporosis is often symptomless, causing many individuals to be unaware of 
the condition until the occurrence of a bone fracture (Curate et al. 2016). Osteoporosis is 
typically diagnosed in the medical field if the bone mass decreases more than that 
expected from a given sex, age, and ancestry, and also when there is a resulting fracture 
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(Roberts and Manchester 2012). With the use of magnetic resonance imaging (MRI) and 
other technology, OP is easily diagnosed in living individuals; however, it is difficult to 
identify in skeletal remains (Kyere et al. 2012). This is also the case for other vertebral 
pathologies like Schmorl’s nodes, spondylolysis, osteophytosis, osteoarthritis, and 
laminal spurs. All in all, macroscopic analysis is not the typical approach for identifying 
and examining pathological conditions, especially osteoporosis, on skeletal remains.  
 More research is required in order to establish common sociodemographic 
characteristics that are correlated with vertebral pathologies.  The present study proposed 
to analyze the progression of OP and other vertebral pathologies to gain information in 
regard to etiology and determine who is most likely to develop these pathologies.  This 
study utilized the presence of other vertebral pathologies, including SNs, OA, 
osteophytosis, laminal spurs, and spondylolysis, to make comparisons between the 
conditions.  It was hypothesized that there will be correlations between them, which may 
signify similar causal factors.  Sociodemographic characteristics including age, sex, 
ancestry, and occupation were also evaluated to determine associated risk factors for 
these conditions.            
 The author did hypothesize that there would be a positive correlation between OP 
and the vertebral pathology anomalies.  It was also hypothesized that a positive 
correlation exists between these vertebral pathologies and strenuous occupations.  
Additionally, it is hypothesized there would be a difference with the development of 
vertebral pathological conditions between European American and African American 
ancestries due to the higher level of bone density in African American individuals and 
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population differences in calcium intake around the world (Aloia 2008; Stini 1990).  The 
goal of this research included: 1) determining if vertebral pathologies are more 
susceptible for development in European or African American individuals; 2) to see if 
vertebral pathologies have underlying associations; and 3) ascertain correlations between 
the pathological conditions and sociodemographic risk factors such as, sex, age, ancestry, 
and occupation.          
 From the results from this study, all three hypothesizes are accepted. Only OP, 
OA, VO, and SNs showed a higher prevalence for development in European Americans 
rather than African Americans. This may be due to a higher level of bone density in 
African American individuals and population difference in calcium intake (Aloia 2008; 
Stini 1990). Individuals with labor-intensive occupations seemed to have a higher 
prevalence of developing these pathological conditions or a higher severity in the 
pathology in comparison to individuals with occupations deemed non-labor intensive 
(e.g. secretary).         
 There were other significant results as well through this study. Significant 
correlations were seen among many of the pathological conditions examined versus sex: 
OP, OA, SNs, and Spondylolisthesis. Females had a higher prevalence of development 
for OA, and SPL within this study. Males, however, were seen to have a higher 
prevalence of development for OP, VO, SNs, and LS than females. Also, there were 
significant correlations seen among many of the pathological conditions examined versus 
age: OP, OA, SNs, and laminal spurs. Many of the pathological conditions with visible 
correlations with age had a high prevalence for development among individuals over the 
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age of 40 years relatively: OP, OA, VO, SNs, and LS. All of these results mainly 
coincided with previous research; however, more research is needed in order to better 
understand these correlations and the etiology of vertebral pathological conditions. 
  
Future Research  
The author hopes to further this research on a larger population, including a more 
equal population of age, sex, and ancestry (European American, and African American), 
and with good antemortem data recorded with a more equal labor-intensive vs. non-labor-
intensive occupational history. This will provide better results and pinpoint a more 
precise correlation between the vertebral pathological conditions developmentally, and 
among the sociodemographic risk factors. Another possibility for future research, is to 
branch this study out to additional ancestral groups: Japanese, Asian, Hispanic, African, 
etc.           
 Despite the inclusion of 54 individuals of African American ancestry, the 
available sample was overwhelmingly European American, which is reflective of 
commonly studied skeletal collections. While the Bass Collection provides detailed 
records of sociodemographic data, the information is voluntarily provided by the donors 
and thus is not always complete or accurate. The authors hope to further this research 
with larger and more diverse collections, including a more equal representation of age, 
sex, and ancestries, along with sufficient antemortem data to indicate work history and 
habitual activity. This will provide more accurate results that can pinpoint correlations 
between vertebral pathological development and sociodemographic risk factors.    
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 The present study proposed to analyze the progression of OP and other vertebral 
pathologies to gain background information and determine who is most likely to develop 
these pathologies.  This study utilized the presence of other vertebral pathologies, 
including SNs, OA, osteophytosis, laminal spurs, and spondylolysis, to make 
comparisons between the conditions. Sociodemographic characteristics including age, 
sex, ancestry, and occupation was also evaluated to determine associated risk factors for 
these conditions. All in all, this research demonstrated how pathological conditions 
correlated with sociodemographic risk factors and among each other, which can further 
help with the identification process of skeletal remains in an archaeological and forensic 
framework.  
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